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0 y E R V i E w 
MODULE FOURTEEN 
PARALLEL AC RE S I ST I VE - RE ACT i VE CIRCUITS 



In ch,^ p^odule you \n \ ] learn about paroliel RL , RC and RCL circuilb 
and cond i t ions iha I exist ai resonance , 

Fo'' you to more easily iearn the above, this module has been divided 
in to I he follo\nng s:x lessons 



Lesson I Solving for Quantities in RL Parallel Circuits 

Lesson II Variational Analysis of RL Paral.el Circuits 

Lesson Ml Parallel RC and RCL AC Circuits 

i.esson I V Parallel Resonance 

Lesson V Effective Resistance m Parallel RL Circuits 

Lesson VI Parallel Resonance Experiment 



TURN TC THE FOLLOWING PAGE AND BEGIN LESSON ! 
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OVERVI EW 
LESSON 1 

Su 1 V i ng- for Qud n U U in KL Poral iel Circuits 

In Ihib lesbon you t 1 i bludy and learn aboul Ihe follownig 

-review porallel resistive circuits 
-parallel resistive-inductive circuits 
-methods of solution of RL parallel circuits 



BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RE-SOURCES 
ON THE NEXT PAGE 
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L I ST OF STUDY RESOURCES 
LESSON I 

So ! V I ng to r Quantities in RL Parallel Circuits 

Tu learn tne material \n this lesson, you have the option of choosing, 
according to your experience and preferences, any or a]l of the 
f u 1 1 ovM ng 

STUDY BOOKLET 

Lessors Narrative 
Progran^n)ed Instruct ion 
Lesson Summary 

ENRICHMENT MATERIAL 

NAVPERS 93^00A-lb "Basic Electricity, Alternaling Current " 
Fundamentals of Electronics Bureau of Naval Personnel 
Washington, DC' US Government Printing Office, 1965 

AUDIO-VI SUAL 

Slide-Sound Presentation - "Solving for I in a Parallel RL Circuit. 



YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE YOU HAY 
TAKE THE PROGRESS CHECK AT ANY TIME, 
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Na r ra t i ve Fourl een- 1 

NARRAT IVE 
LESSON 1 

Solvifivj tor Quant it itrb m RL Parallel Circui ts 

Revieuin^ Rulob for Parallel Re^iblive Circuilb 

Several nioduleb back, you learned to solve for quaiUilies in 
parallel circuits which were purely resistive. Now we will briefly 
review the rules you used 



Rul es 

1. Branch resistance controls 
b ranch cu rre nt . 

2. Voltage is common across all 
b ranches . 

3. Total resistance and total 
impedance must be less than 
smallest branch resistance or 
oppos I t i on , 

k. Total current equals sum of 
branch currents. 




'A 

150V 



3oa 



3oa 



3oa 



Solve for the following quantities in the above circuit 

I. 



To find } ^ add the branch currents. Voltage 
IS cofTimon , therefore, the applied voltage is 



across Rl, and we can determine 
150 V 



Rl 30 
are both 5 a 



or 5 a Similarly 1 and ! 

HZ K 3 



5a+5a+5a= 15a (total current] 



T 
■R2 

'ri 

R2 

P 



a 



PF = 



Narrot I ve 



Fou r L een- I 



To ^olve for 2^, you cor. use Ohm's La\/. 
E 

2 = 
' 't 

7 150 V 
" 15 3 



2^ = 10 



Solving for E^^ 
^ R2_ 

As voltage is common in a porall^l circuit, the voltage drop across 
any of the branches is the same as the applied voltage, or 150 volts, 

Su 1 V I ng for P ^ 



2 

True power can be determined by the = I R formula In this 
purely resisttve circuit I = 15 a, R- = 10 , the re fore, 
= 2250 w or 2 25 kw 

So 1 V I no for P 
^ a 



Apparent power in a purely resistive circuit is equal to true power. 
You can prove this by the formula P = E x I, P = 150 v x i5 a = 
2 25 kw ' 

Sol VI no for P 
^ X 



Reactive power is not present in a purely resistive circuit 
Angle The t a 

In a purely resistive circuit. /" is eero because £ and \ are in 
phase . 

P ower Factor 

You know that the power factor in a purely resistive circuit is 
unity, or 1 . 



What would happen to total current in the parallel 
circuit we have been analyzing if frequency \-jere 
doub 1 ed*? 



You should know the answer is not h i ng . Current in parallel ctrcuits 
IS determined by branch resistance, and frequency usually does not 
affect the value of carbon 1 except for some skin effect at extremely 

high frcquencie%) 
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P a r'c) 1 lei . I M i vc - I fKluc l ive Circuits 

When >o]ving purely resistive parallel circuits, branch currents 
arc aJdeJ Jirecily because £and j_are in phase. In circuits con- 
laininy both rob i^tive and reactive components, £3nd j^are 
no longer i n phase In an RL pa ra 1 1 e 1 circuit, for examp 1 e , 
I cannol be determined by directly adding branch currenib because 
the current through the resistive branch is in phase with tl^e 
applied voltage, \vhMe the current through the inoueiive branch 
ldg*> the applied voltage by 90". 




To sol ve for I ^ in this 
circuit, the sum of the brands 
currents has to be determined 
by vector add i t i on , 



Recall that in series AC circuits we had to solve for and 
voltage vectorial ly We used the impedance triangle and the 
voltage triangle In parallel AC circuits we vn I I use on I y 
a cu r ren t t r i ang I e . THINK CURRENT is thepass\/ord for this 
nodu I e . 

^his means that we will not use an impedance triangle to solve 
for in parallel circuits. Instead we will first find 1^,. 
then ^vvlve for Z^ by OhnV s Law 

In solving AC parallel circuits, a voltage triangle will never 
be used because voltage is common 



Which of these quantities would you not vector for when 
solving an AC parallel RL circuit? 

^ 

't 

E 



Remember, for parallel circuits think current only,- therefore, you 
do not vector for or E 
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Narrative 

SuivtfK) I he KL Pjrallel Circuit 



Fou r teen- 1 

We want to solve Ihib circuit for 
eacli quaniity listed lo the left. 



pr 



120V 



F I I i wp must find curreol through each branch ol" the netwcK 
(o <;rder to compute the total current 

To find I through the resistive branch 
E 



R 



120 V 



R = W 



= 3 a 



Then, to find I through the inductor 
E 



L X 



L 

20 V 



L 30 



Because the 3 amps through the resistor and the ^ amps through the 
inductor are not in phase , we must add them vectoriaHy. 

The Current T r i a n^ ^ e 

In parallel circuits,> voltage is the common reference, therefore, 
voltage appears in the standard vector position. The voltage across 



Nar rai t ve 



Four teen- 1 



>R 3o 

' - - 



4o 



the re^islo^ anj the Curfvnl ihtouyh Iho 
resistor are in phose, ihorefore, 1^ 
plotted >n the standard vector pObition. 



Recall that in a purely inductive circuit, 

voltage leodb current oy an angle of 90^^ 
(ELI), For this reason and 1^ arc 
•30^ out of phase , i ih E 1 ead i ng , tt^e re - 

fore, the I vector ib a -j quantity. 

(Note that the -j is the result o*^ 
changing the reference ) 



Vectorial ly adding the values of the 
branch currents produces the total 
circuit current. Therefore^ i is 
5 a. ^ 



Thib information can be expressed in rectangular notation, giving 
tjrbt the _l_ through the resistor, then the \^ through the inductor, 
thus 33'!^ a 

In polar form, this is expressed 5 /"53 ■ ^ ° (You recall this is 
for a 3-^-5 t r 1 ang 1 e J 

So 1 V I ng for Z- 



Now that we have found 1^, you can solve for total impedance 
by Ohm's Law (Remember* We do not vector for 2^ in parallel 
Circuits ) 



1^ nov 



R 4on 



120 /O^ 

r /i T^^o our reference, 
tneretore, we assign 



an angl e of 0"" .] 



= 2k /53. 1" 



So W 1 ng for True Po\;er 



You know that power is consulted only by Resistance. To find 

the value of P^, use the formula, P ^ I R. I in this case nr.us t 

be the current through the resistive branch, not total circuit 

current 
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l 






p = 


(3)^ X 




p = 

I 


9 X '^0 




p = 

t 


360 V- 




Solving 


f or Roac I i ve 


pQv^o r 


P = 

X 






P = 

X 


= X 30 




p = 

X 


= } b X jO 




p = 

X 


k80 vars 




So 1 V i ng 


for Apparent 


Pov^e r 



480vors 




IJj 6(k>vo 



By the power forn^ula ^ " ^ 
P = 120 V X 5 a 



P = 600 va 
a 



Po\,er factor 

You know that the power factor is equal to Ihe COS /j^ For 
/ of 53 1 , PF IS 0.6, You can also determine this by using 
P 

the f ormu 1 a PF = — , 
a 

HoKJ, reinember two important rules for solving parallel circuUs^ 
i THINK CURRENT - vector for I only. 



2 To find 2^, first find 1^, then apply by Ohm's Law 



So 1 ve this circuit. 
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Fou r I een- I 



Suiie ! in reciangutar form 



S I ai e \y I n pol a r form 



Your firsc step was to find I and I 1=6 a, I 

K L K L 



'n reciongular form I ^ = 6 a - j8 a 



The current triangle 
'ft 6a 




This IS a 3'^"5 triangle, so = 10 a 



In polar form ' j 10 a /- 5 3 1 ' 



Then by Ohm ' s Law , Z, 



Z 



2kO V /O^ 
T " 10 a /"53 



,o = /53 



Observe that the two circjits we worked had identical ohmic values, 
30 ohms and AO ohm.s Only the applied voltage was changed from 
120 volts to 2^0 volts Changing voltage did not affect the total 
impedance In both circuits Z^ was 2k ohms Vol tage Does Not 
Affect Impedance in A Circuit 

A$ sumc d Voltage Method 

Since the applied voltage has no effect on 2^, you may assume any 
vo 1 tage to solve f o r Z^ 

The assumed voltage (any one you pick that is easy to work with) 
wi 11 help you find the correct Z 



Using the assuined voltage method solve for Z^ 




iR lOOH 



)x, loon z_ 
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Na rrat i ve 



BEST COPY AV',^!! '^"'c 



Fou r L een - I 



Yuu (iioy have- realized a workable, easy, voltage to assume is 100 
vulr^ 1^ = I ^1 a and Z = 70 7 /^5' Whatever 

voltjge you jsed, ^ 1() 1 ^ / ky 



lei RL Problems 



'R 40il 4 777mh J I 



FIND 




3 



707 



Fl NO 



son jxj_ 



FIND 



I FIND 



■T 
T 

'r 



a 
PF 
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Na rrai i ve 



Fourieen- I 



'\n wilt r 



2^ = 2^^ 753 1° 



20 



3 = 35 3 5 /iSj 



T 

't = 

'r = 

'l = 
p 

p = 

a 

PF = 

/ ■ = 



72 /36 9' 



5 0 /-36 3° 
^ a 
3 a 

I800 va 
0 80 
-36 9° 



AT THIS POINT, YOU MAY TAKE IHE PROGRESS CHECK, OR YOU MAY SlUOY 
ANY OF THE OTHER RESOURCES LISTED IF YOU lAKF THE PROGRESS 
CHECK AND ANSWER ALL OF THE QUESTIONS CORRECTLY, GO TO THE NEXT 
LESSON IF NOT, STUDY ANY METHOD OF INSTRUCTION YOU WISH UN- 
TIL YOU CAN ANSWER ALl THE QUESTIONS CORRECTLY 
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P I Fourteen- I 

PROGRAMMED INSTRUCTION 
LESSON \ 

Solving for Quar^titiies in RL Pa r allel Circuits 
THIS PROGRAMMED SEQUENCE HAS NO TEST FRAMES 



In in lb module, \ye will discuss the iinporicdot character! slics of 
parallel res i s t f ve- "eac r i ve circuits and develop the rules and 
graphs for finding circuit values The basic circuit configurations 
to be studied include parallel RL, RC, and RLC types. At this time, 
It will De helpful CO revi ew parallel circuits containing only re- 
sistive el emen t s 



In a series circuit, 
c I rcu I t , 



Current i5 comn^on but 
I s convnon 



a pa ra ] 1 e 



( vol t age) 



The voltage drop across resistor Rl equals the voltage drop 
across R2 which equals the voltage drop across R3 • This may be 
stated as "the voltage drop across any branch in a parallel 
circuit IS equal to the voltage " 



. s ou r ce or app I i e 



T' 



The current acts qu j te differently The total current, 
flowing from the source divides into separate branch currents 
whose values are determined by the voltage and branch resistance 

according to the equation 



Given E and Rl, we can calculate 
a — 



(I 
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P t Fourt een- I 

^ EquJl tons tor 1^ and K are similarly written 
E 

I = 

2 R2 

E 

3 R3 

The sum of the branch currents must equal the 
cur rent 



total 



5 ^0^ the Circuit given in frame 1, the total current is written 
1-^ = + The total current can aUo be Cdlcuiated 

from known values of source voltage anc total resistance by 
the f ormu 1 a 



E 



Fou r t een- I 



The equivalent resistance of a parallel network can be cal" 
culjtfJ by the sum of the reciprocals method which \s 

ma r hema t I ca 1 1 y v-vntten as Rj = . The equivalent 

circuit for the parallel resistive circuit in f rame I i s 



*9 



' _L._i.-i 

Rl ^ R2 ^ R3 



7 For review, calculate Che unknown values m the foHowmg examples 




E = 100 V 
a 

Rl = S 5^ 

R2 = 10 U 



Ta 20 



30 a, 



3 3 



n sunrvnary, the rules for purely resistive parallel circuits are 

1 Voltage is common across each branch. 

2 Total current is the sum of the individual branch currents 
I = 



' '2 ^ 



E 



3 Total circuit current ^ y = (Ohm's Law) 

T 

k Branch currents are resolved using the equations I 

(where i is branch 1 2, . , current.) 

S Total circuit resistance can be calculated from 
] 



^T 1 ] 
Rl R2 



Rn 
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P I . Four c een- I 

6 P^U'^e diffc'Tonce be {.ween curre.u and voltage tb zero (/ = 0) 

7 True power equalb Opparent power bince the load ib purely 
re s i b c I ve 

P = (IJ^^ P = ^ 't 
L T T J J T 

8 Powe r factor is unicy PF = ) 



8 The voltage drop between point A and 8 is to the 

drop across C and 0 




(equa 1 ) 

9 In the circuit in the preceding frame, the voltage dropo across 
the resistor, R, and the inductor, L, are the same and are equal 
to the voltage 



( sou r ce or app 1 i ed ) 



10 From knov^n values of source voltage, branch resistance, and in- 
ductive reactance, we can solve for the current through each 
branchofthenetworkby Law 



(Ohm • s) 



11 Current flowing through the resistive branch in the exarriple 
circuit, vj\ ih E = 100 v and R = 25 'S calculated from the 
equation 1 = and is amps 



E 



I 

P I Fou ^ c een- I 

i 

12 Wf .if-f jblc lo calculate 1^ ffoni che equaiion 1^ = ~, bince 
the voiiage drop dcrObb ihe rebibtor ib equal lo 



"(source or applied vol lag ej 



Similarly, che voUage drop across Ihe inductive branch equals 

source voltage Branch currenC, I , can be calculated from 

Che equaCion I = ^ ano is 

ampb , with E = 1 00 v and X, = 20 
a L 



E 

— 5 



^ In a parallel RL circuiC, total current, 1^, cannot be obtained 
by djrectly adding 1^ and 1 
Si nee the two currents are 



by djrectly adding I and i as in a purely resistive circuit 



lout of phase] 



5 With the voltage across each branch common and the currents in 
the resistive and inductive branches out of phase, we 
^olve for total current by addition of individual 

b ranch currents ^ 



( vec t or) 



16 In a parallel RL circuit, voltage is common and can be repre- 
sented by a vector in the position 



(standard or re f e re nee ] 
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Fou r teen- I 



17 In ine branch coruaining purely rebiSUve elemenls, current 
Mov.'inq ihrouyti R and the corresponding voltage drop, £^,, are 

in pho^e Therefore, can be plotted in the same 

d I rec lion a^ £ 

a 




18 In the purely inductive branch of the parallel RL circuit, 
the bame source voltage, £ , appears across the »nductance 
The branch current, I is out of phase with voltage. From 

"ELI, the ICE man," the voltage ^ the current by 

90° ~ ^ 



Heads) 



19- Voltage, however, is common and plotted in the standard position- 
Voltage I ead I ng current by 90° is the same as current 
voltage by 90 for a purely inductive load. 




( ) agg ■ ng) 

20 Current flow in a parallel RL circuit can be represented in 
rectangular notation with the I agg 1 ng 1^ current rotated 
clockwise from the standard position by a operator The 

rectangular notation for the illustrated vector diagram is 
written 

^ 




20 
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Fou r t een- 



2! Tht> lo.tol current can now be calculated by vector addition of 

1^ and 1^. In the diagram, 1^ is the of the current 

vec tor t ri ang 1 e 




(resuj cant ) 



22 From the current vector diagram^ you can see that 1^ out 
of phase and 1 ags the applied voltage, F. , by the 

3 ■ ■ '- ■ ' " ' 



77T 



23 Total inipedancej Z^, can be calculated from known values of 
applied voltage and total current, from Ohm's Law, =^ 



2^ in the example parallel RL circuit, the following values were 
calculated 




k a 
3 a 



I, = 5 a 



■36 9° 



Write 1 ^ in rec tangu ' 



a r form 



Write total current in polar form 



TTa - j3 a, 5 a /-36.9'^ 



21 



ERIC 



P I Fou r teen- I 

25 ^'it' I ru_) cAjiv.ple, toul impedance is determined from 

E 

the formula, - - — We canfioi 1 mp 1 y divide 120 volts by 

T 

? 3 p ^ , b u I i^^j - I 0 I ^ t; lake 1 n : o o c c o u (U the phase difference, 

7 

Using polor fK)tauon, 2j = 3a / 36 9^ 



(120 V /0'\ the phase angle for E is zero since iC is 

the reference va 1 ue ) ^ 

120v /O^ 

26 For example = S a / 3^ ' ^'^^ total impedance is calculated 

to be Z^ . 



T2V /36.9' 



27 The total impedance of a parallel RL circuit is a 1 ways ca 1 cul ated 
fiom appl led voltage and total current, using Ohm's Law, and not 
by vector addition of resistance and impedance. In a fixed cir- 
cuit with constant values of R and X^, the total impedance, Z^,> 
does with changing values of E or i^, 

change/not change 



! n o t cha nge) 



28 From the equation, E = 'j^T' "^^^ that increasing E^ 

produces a proportional in 1^, since Z^ 



constant for a given circuit 



1 nc rease , 
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29 I' ii.^uit iMusiroled belou', happens to 2^ if 

t iMc'cubed from 120 volib lo 2^0 volu? 




a r ema ins the s anne 



I ncreases 
decreases 

cannot be deternntned 



30 Tln^ fact, that the applied voltage does not affect ctrcuit im- 
pedance, allows us to assume any appl'ed voltage to determine 
Zj of a para He 1 c 1 rcu 1 t 

As sunie C = 120 volts AC and bolve for 2 
a T 



TTk /36 9°) 



Solve the preceding circuit for Z^, using an assumed voUage 
of 2'<0 vo Us AC 



[2^ 7WY 
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32 W'r.en i nq l!)c o^^unied voliage method for deiernnning , the 
valuer ot currcjni are not true values 

Sol v<r for I 



a 1 amp 




b greater than 1 amp 
c cannot be determined 



33 Recall thai true power, P , ts that power dissipated by the 

res t s tanc e as heat In terms of l^andR, = 

Tor i expressed tn amperes and R m ohms, P is expressed 
R t 

I n 



(1^) R, watts) 



3^ True power may also be determined from the branch current and 
the voltage drop across the resistance us > ng the equation 
P = 

t ' — ^ 



^7 



2l4 



p, I 



Fou r c een- 



35 Solve fur irue power ub i nq both equations and compare answers 



I ts 




4oa 



36 Recall also, that reactive power is that po\^er stored by reactive 
components and returned to Che source in terms of 1 and 
P = . For I expressed in amperes ano X. in c 



'ohms 



P I s expressed 1 n 

X 



(1^) X^, vars 



37 Reactive pov^er may also be determined from the branch current and 
the voltage drop across the resistance us * ng the equation P = 



1 X ! ^ 
a L 



38 Using the circuit il)ust>'ated in frame 35, solve for reactive 



pov.'er P 



var s 
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39 AppjM' { [jo^/fT, P , 1^ a combinaiion of ihe po\.'rr dibbipaied by 
the rcsi^ii^L Lonponerns and '.he power siored by the reaciive 
conpooenis 



in I erni^ of E and I ^ , P 
d T a 




TeiTT 

a T 



^0 When E .sin voUs and 1^ in amperes, apparent power is expressed 
I n 



Sol vc for P 



I20v 



R 

3on 



p 



rvo ) I - anpe r e s , ^00 va"^ 



^1 Th^? oower factor for any circuit is defined as the ratio of true 
power to power It may a'so be expiessed as the 

of t he / 



(appareniT cos i ne) 
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RL Circuit for che irdicaiedvalue^ 



lOOv < R 2Si] 



25 a 



R 

i - 
L 

't = 
z_ = 

I 

^_ = 
p =^ 



p = 

X 

P = 

a 

pc = 



Siaie lotal current in rectangular form 
State Lotai current in polar form 



Te ^^a^ b I 5 7a /-hS\ d 17 5 /^^ , e 

f ^00 \j, g ^00 varc, h 570 vc , ; 0 7, rectangular 

form I = a - a, polar form | = 5 7 a / - ^5" 



YOU HAY NOW TAKE THE PROGRESS CHFCK OR YOU MAY STUDY ANY OF THE OTHER 
RESOURCES LISTED IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL THE 
QUESTIONS CORRECTLY. GO TO THE NEXT LESSON IF NOT, STUDY AKY 
METHOD OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL THE QUESTIONS 
CORRECTLY 
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SUMMARY 
LESSON I 

So!vin(j f"or Quaniiiieb in Rl Parallel Circuiis 



In Module Six \ou were inirudu.cd 10 ihe ru 1 governing paraliel 

circuiib Before ine discussion of ihe more conipiex AC cjrcuM 

perhaps a brief review; of ihese rules, using a purely resisiive 
circuJi, \j \ ] ] be nelotul 

1 In a p^^aMel nei\'ork voliage is (.he cofi^^io'^ value 

2 Tuial circuii curreru equals the sum of the branch currents 

't - 'i ^ '2 ^ '3 ' 

3 Branch rebibtance determines branch current, wtih the branch 
coniaining ihe larger opposition having the smaller current 

k Total Circuit resistance ts smaller than the smallest branch 
resistance 



Wher; dealing \;ith purely resistive c-rcuits, we are able ^.o add the 
branch currents directly to f nd total current, E and I are in phase, 
/ lb 0", and the circuit pov-'e r factor is 1 If a reactive element 
"(Tnductance in this case) is placed in the circuit, there is a 
phase shift between the appl led vol tage and ctrcut t current Because 
of this, other forms of computation must be used For example, the 
individual branch currents can no longer* be added algebraically to find 
i^, vectorial addition must be used 

In series AC circuits, current 's the common value and the in- 
dividual voltage drops are added vectorially to f t nd E in paraHel 
circuits, collage 'S the common value and current divides betv/een 
ihf brjnches Hence, voltage not current, must be used as the vector 
reference in a parallel circuit 




To solve this circuit \-vith the 
information given, the first steo 
IS to find the individual branch 
currents To do this. Ohm's I aw 
IS applied to each branch 
(Remeniber to include the angle 
as^ociaied wi ih each value . 
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Fou r teen- 1 



£ 



100 /0° 



R *" R 75 /O- 



33a /O^ 



^ 100 

X ^ " ^0 /^30 ' 



= 2 5 a /-90' 



has a 0° angle because »t •$ the reference value 

The next step is to find Since there is a 90° phase angle between 

the Current th.'ough the resistive branch (l^) and the current through 
che inductive branch (l ), vector addition must be used to combine 
Ip^ and !^ 




33 a - j2 S a = 2 83 a /-62° 



Although this is an inductive circuit, the circuit phase angle is a 
neoative angle The reason for this is apparent, reversal is due 
:o the cnange in reference values (current lags voltage) 

No\^ thai 1^ has been computed, can be found by applying Ohm's Lav 



100 V /O' 



= 3S ^ /-^62' 



Remember, In Parallel ^ ircutts You Must Vector Tor 1 , Not Z or E 
T - a 

Apparent po^'er is co.Tipuled *^or parallel circuits in the same manner 
as for series In the above example 



= I 



X E - (2 83) (100) = 283 
I a 



IS still equal to the ratio of true power to apparent powe r 
P 

PP = p — , or mo re conveniently, PP = COS /' 
a 



2 



PP = COS 62"^ = 0 ^695 
True Dov/er can be computed for any circuit by using P 
or if you V'/ 1 S h , P 

t 

usually the most coiwenieni for parallel circuits 
P. = y = (1 33) (100) = 133 w 



= 1^ X E X COS /O 
t T a — 



I X R or = I X E The last equation is 

K 1. K K 
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Fourteen- I 



One 



i^Hj , [ J U/3y»^ remember is thai i he impedance of a 



lb o t 



a t r c cico by on/ change in applieJ vol i age T h i b f a c i i b 



a:^Da ren i 
of E 



f vou examine t\vo ident'cal circuits wiih differeni va i ues 




■X 



'>O0V 



3on 



4on 




6 6a 
5 a 
8 3^^ 
36 9^ 
2i4 



As yuu can ^ee, the circuit phase angle does nor change and remains 
the sane 



Occastonally you will be required to ftna the impedance of a circuit 
when the value of the applied voltage is not known Because the value 
of E has no effect on the impedance of the circuit, you can assume 
any vol tage you wish to find For example, any va • ue of assumed 

voltage can be used for this circuit 
We ' 1 1 use 250 V 




25c /O^ 



6on 



250 /CT 
L ^ 60 /+90° 



16 a /-90° 



1^ = 2 - j'4 16 5 

A 65 a /-6'4 3° 
^ 250 /O^ 



53 



/ + 6'4 3' 



The circuit impedance found in this manner is a valid figure, hov/ever 
you nust keeo in mind that 1^ is correct only if the assumed E is 
apD 1 led 
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Su.n.T.ary Fou rieen - I 

In ^cJiC) L \ t i , I he Circuii ib eiiher predominaieiy resjbiive or 
p re JoC' I n J ; e i V reoci've depend » ng upon which device deve lopes ih^ lor-gc^i 
voiiage drop A parallel circuit, hov/ever appears reacuve or 
resibiivi.' depending on -.^hjch branch carrier largest current 



AT THIS POINT, YOU HAY TAKE THE LESSON PROGRESS CHECK, OR YOU MAY 
STUDY THE LESSON NARRATIVE OR THE PROGRAMMED INSTRUCTION QR BOTH 
IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL OF THE QUESTIONS COR- 
RECTLY, GO TO THE NEXT LESSON IF NOT, SELECT ANOTHER METHOD OF 
INSTRUCTION UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY 
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NAVPERS 9'^558- li^a 



ERIC 



BASIC ELECTRICITY AND ELECTRONICS 
iNOlVlOUAL iZED LEARNING SYSTEM 



MODULE FOURTEEN 



LESSON I i 



Variattonal Analysis of RL ParallelCircu its 



S tudy Book 1 el 

Bureau of Naval Personne 
Jenua ry ] 972 



Fou r f een- 



OVERV! EW 
LESSON I 1 

•f 'o; ,'.'-.^1 .'T/J <.f Rl P.ifolle^ Circuits 



mis ie->bOn you w»ll study and learn about the folloNMng 



-effect of a change in frequency 

-effect of a change in applied vol.t.^ge 

-effect of a change in resistance 

-effect of a change in tnductance 



r[r:^E ^0. ST.^PT 7 'IS llSSOn preview the list of study resources 

ON T-iE NE/r PAGE 
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Fou r t een- 1 1 



ERIC 



L I ST OF STUDY RESOURCES 
LESSON M 

V a r I 0 I I o n a 1 a\ n a ! \' s i s of R L Parallel Circuits 

Tu learn ihe n^aierial in ihis ie^son, you have ihe opuon of choobif. 
z^^Kj\dinci ro yoor experience and preferences, any or all of ihe 
i O 1 1 ov; I ng 

STUDY BOOKLET 

Le s son Na r r a t i v e 

P r ogr an^ne^ 1 ns t rue t lon 

Lesson Summary 

ENRICHMENT MATERIAL 

NAVPERS 93^00A- lb "BasiC Electricity, Alternating Current " 
Fun dame rtals of Electronics Bureau of Naval Personnel 
Washington, DC US Government Printing Office, 19^>5 



YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED A80VE YO. 
TAKE THE PROGRESS CHECK AT ANY TIME 
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Na r ra t i ve Four t een- 1 I 

NARRAT I VE 
LESSON I I 

V a f" I a t I one 1 Analysis of RL Parallel CifCuiLS 



We will ab sume chat this resistive- 
induci I ve paral lei net\-vork has 
a htgh-Q coil, theref^ore, we 
not need to consider effective 
resistance as we analyze the 
c t r c u I t 



We will examine the network to determine .what wtll happen co al 
other Circuit quantities if we change one of the four variables 
frequency, applied voltage^ resistance, or inductance 



if Frequency is increased 



The first step in analyzing a 
parallel circuit is to draw the 
Current vector diagram 




No\^ if f IS increased, \/hat will happen to X^'? 

Since = 2 fL, if f IS increased increases (0 

If X^ increases, 1^^ decreases (0 1^^ iri a parallel RL 

circuit IS unchanged by a change in frequency because neither 

E nor R are affected by frequency Therefore, if 1 decreases 

t^en 1 decreases (0 as we can see from the vector diagram 




36 



Na r ra c i ve 



Fou r t e e n- I i 



Jccrea^eb, mub t have increased (' 



We can see th i b 



: , J i ook a c Ohn) ' s L a\ 



T i 

T 



Since currcnc through Che resist .ve branch has not changed, and 
t^'c I ^ 100^5. ^j^ fKJ 1 c^^jf^ged, ( ru^- po^-er does not change 

Apparent power, ho^^yever, changes because total current de- 
crease's and the applied voltage is unchanged 

Looking again at the currenr vector diagrafu, you see that as 
\^ decreases, decreases 

If angle theta decreases, then the power factor increases You 
know this to be true because P is the same, but P decreases 



PF 



The table to the right shows the complete 
picture of the effects of an increase in 
the frequency of the voltage applied to a 
para 1 1 e 1 HL circuit 



f 


. .. - 














'l 








PF 




















R 




L 
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Changing Applied \yoltage 

The results of a change in the voltage applied to a parallel 
RL Circuit are easily analyzed 

None of the physical properties of the circuit are affected by 
any change in voltage, thus» R and L renr.ain the same Without 
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N J '* f- a [ I V e 



F o u ri e e - ! I 



ME 'b deCfea^ed, Ol^m's Law ^hu\;s Ihai I , and I and I 

J I o ^ ^ r.j ^ t. u 

With a decrease in 1^, and ihe applied voliage, and P 
boih decrease 

A look 0 1 L h e Current vector d i a g r a 
indicates thai as 1^, 1 and !^ all 
increase, / does not change 



'-•^o 5.'. PF dofb not change 













1 

t 


1- 






1 
T 






pf 






'V 


Pa 








" / 0 




R 









ERIC 



3" 



I 



I 



Na r ra I I vo 



Oko> , lelS ^ee if you can con cell y 
apolsze ih'^ circuii if the value of 
_R 1^ \ \-t,'3^e,6 Indicate change^ to 

e table a I the r i 9 h c 




Draw Lhe current vector diagram 



t 

I 



You kno\y that if R tb increased, then I through the resistive 

branch decreases 1^ is unaffected since a chanop in R 

doesn't change either frequency or inductance, therefore, it 
does not af f ec t X, . 
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Na r ra c f ve 




Fou r ce en- 



The vecior diagram indicates 
I h3 1 it 

doe-^ fioi chancjt 



^ Jo c re as e s and I 

3Se 



T 



decreases 



If \^ de creases, and E 
T i 
t nc re a ses 



f 



s cons L.<)nt , then 



1^ and decrease and [ is unchanged, 

Chen ^ and P decrease 
t 3 

Another look at the current vector du^^gram 
sno\>^ that / increases and the power 
fact(jr uc^reases 
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1 










'l 
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>« 




/_o.._ 
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Na r ra t i ve 



Fou r ( ee Ti - I I 



Cor^plcri-r L^^cr labic Lo shov whai h.-jppeos if tnducLonce 
lb oec I' ca^ed 




I 


1 

... T. . . 




. 


T 


- - -- 


1 r. 




I 
















Pa 








/ 0^" 




H 




I 





Turn lo the next page for the answers 
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Na ra 1 1 ve 



Fou r I een 11 



It" I. lb decrea^eO, X dtrLrc^a^e^, and I 




I ^ does '101 change 



K inc rea-^eb and E is consiam, Z„ 
T a T 

dec rea^ e ^ 



Ai, neither I nor R chanqeb, P does 
nof CnarK^e 

1^ increases, P increases 
^ a 

Obv/iously / increases, therefore , PF 
decreases, R remains the same 
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Na r ra c i ve 



Fourteen - 1 I 



Wich ihe four var labieb changed beparaiel^ a^ indicaied in 
I he cnafi, conduci a variaiional anaiysi's of" ihe cm'Cuii 
Indicate Che chai^ges lo eacn rircuit quaniiiy by arrows 




L 

L 



Turn to Lhe next page for the ^n^vve^s 
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PROGRAhMED INSTRUCTION 
LESSON I I 

r I a I I ona 1 An a 1 y ^ i b of RL Paral lel C ircuits 

I . . " • , 1 tr b ^ '1 , I i 1 pc- ! t u r f)i J vo r i J t t uf^o 1 d n a ' y b i b on po I'd H c 1 

RL circuits to determine ^hat effect changes tn frequency, source 
voUa.-ie, resistance, anc" inductance have on (.he circuit values 
You renumber from past lesbjn: that a variational analysis of the 
Circuit values consistj bjsically of choosing Ofic quantity as an in- 
ciependetu var lable and dc^c ume nting tlie relative changes of all other 
valutj-^ a^ the independeiU variable is changed 

In the basic parallel RL circuit, vve have the ability to vary or 
cha'^ge four quantities Each quantity, in turn, is considered 
the independent variable and a variational analysis performed We 
will assume that the effective resistance of the coil is negligible, 

Ihe four independent variables are 

1 fj'equency 3 resistance 

2 voltage ^ inductance 

Before perforning the analysis, it will be helpful to briefly reviev^ 
the characteristics of parallel RL circuits and preseit the funda- 
menial equations used to calculate circuit values 



5 a b 1 c L I r c u I 




Rules a nd Equa t i o n s 
Vo 1 t age is conr»mon 
X 



2"f 1 
E 

a 

R 

[ 



■ vector s u m j 
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Curreni Veciof Diocjram 



Fou r t: ee n - I ! 




The only vecior diagram caiculacions 
are for cur rem values 



TAN / 



^ = '^'r) ^or l^. 

P = E I 
a a T 



PF = = COS /_ 

a 



C_£2^; I " rrcqu enc)' of A C Voltage 



; 

i ; 


L 


R 


1 






'l 


't 






P 

A 


P 

X 


PF 




1 























We have chosen co increase the frequency of the AC source, 
keeping E , R and L constant I r, the foMo\/)ng frames, \-^e 
discuss t^e effect of increasing f on (he remaining cir- 
cuit variables In our circuit example, effective resistance 



of the inductor is assumed negligible with R 



f f 



0 



THLRE ARE NO lEST FPAhES IN THIS PROGRAhMED SEQUENCE 



Re-^isionce is a ohysical property of the circuit Increasing 
source frequency produces change in R H ow 

do you inciease resistance'^ 



,no increase value of resistor, 



2 l^'^ocdance of the inductci given by the formula X = 2-f 
Afi increase in fproduces a/an inX, 
^^c a s u r r d < n 
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Fou r c een- I I 



3 1 ' iL r L d , 1 ri(.j I he frec^uency produce^ a co r r e s poi^d t ng mcrea^o 
Bronch curftrnt I h rough X^^ correspondingly 
according lo Ohn^'s Low I = 



L 



Currem flowing ih rough che resistive branch depends Only 

on [ and according to Ohm's La\/ Tiierefore 

1^ when IS increased 



(R . does ^ noT change ^ 



Knowing the changes to 1^ and i^, the dependence of total current 
(l^) on increasing frequency can be determined from the current 
vector diagram 
a /a n i n I 



ncreasing frequency causes a decrease in 



and 



I' 



T 

























;r _\ 







Td 



e c r e a s e i 



r ron the saf^e current vector diagram, we can determine that 
ihe phase angle 



Tdec reo sesT 



ii ( 



PI Fourieen-ll 



ToU'iI ^..rcuii inipe dance (Z^) can be expressed a funciion of 
a'lj oc CO r d I f^g I o Ohm ' b L aw' ~ 

Increasing f cau^eb 2 lo 



! J , -j-^ , I n ^ r e a b 0 , 
T 



The curreni riov^ng through che resisuve brai^ch does noi 

char^gc V ich an increase in frequency since rest^iance is a 

ph\v,tcoi pr^)pcrriy As shown by ihe formula, 1^ x R, I rue power 

with an increase in f 



i d r; ^ not change) 



9 T',e cu rrt-T^t flowing ihrough Che induciive component decreases with 
an increase in frequency As sho\;n by the equation 

^a 2 
X, = 2 f L , h = and P = I X, , reactive pov^e r 
L L X L 

'ith an increase in fiequency 



( decrease ) 

0 To find the variation in apparent pov/er, consider the basic 

equdLion, P = E I 
a a T 



5inc(^ 1^ decreases ith an increase in 



_ I'd c c I' e a s e s' Y 

11 \/a r I a I 1 ons in the oo^ 'er factor can be delcrn"»ined from either one 

o f L h e f o r m u ) a ^ P 

PF . ~± 
P 

a 

pr = cos 

W I L h an 1 n c r e a - e • f . true pow e r remains constant and apparent 

po' '0 r d '-^ c r c a s e ^ Since decreases COS / and 

P^ ^or J corresponding increase in f 



1 increases increases) 



p I 



FoL' rl een - ( 



^ ^'il i fi Lilt- blank blocks with ariov^'s :o indicate locfease (•) 
Oecrec^e i ), or no change ( ) 
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/ 0^ 
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C_a_^e _ I 1 - S ource oil age 

In ihis analvsis, u'e increase E and determine ihe 
relationships of I he foMov'ing variables 
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't 
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PF 


t : 


1. 
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13 Resistance is a physical property anj does not change v^ith an 
increase i Reactance depend^ only on f and L , so X is 

nnpedanc(* (Z^y is a cor^binatfon 



u n c h a n q r d 



n source vo 



T ^l e I o I a 1 circuit 
and t h e I e r o r e 
! I a g e 



V ; I t h an increase 



_i_d o e ^» n rj t change) 
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1 ^ B I a : T L h ^ u f ; ^ ; 1 s , i j n J i , d r o t: f ^ 0 k > " L h e d p p 1 i c d v o i L a g e 

K L 
0 p d D r o n L n . f p c d J n c e 



E 

L " X" 



T[>e^cfore, since K and X are not af^'ecied by a change of 

applied voliage, iandi vnih an increase 

K L ■ ■ 

in bource voltage, t 



( I nc ' c a se) 



15 ^he dcyoe^dence of total circuit current on source voltage can 

E 



be dete'^n^ined from Ohn's Law, (l^ = ~ — ] 
duce-j a corf-esponding increase in T 



Increasing E pro- 
a 



16 tr, Ohn's La\/, we can see t^at 1^ and 1^ increase a proportional 
anourM for a giver; change in E By looking at the current 

sector d.aqram, you can see thai the phase a.igle 
\ an increase in £ 




Tcj ( ) no^t change)"" 



so 



P ! 



Fou ri ee n - 1 i 



/ I ' 'Jt. p'/v^-'f", leaciive power and a p par em power be exprc-bsi^-d 

i"'tr p^oo>;^.i o^" vuUage and curfeni a^ shown by t-be equauo'^b 

P = E U 
L a R 

L i 
X a L 

a a T 

A*^ [ 1^ iixreubed, I , I and I increase, oroducing cor r e s pon J i ng 

I n boi h pov^e r va i ues 



increases, 



8 SiNce the power factor is equa' lo ihe cosine of / , a cl"^ange 
in [\^e app^ed voltage causes in PF 



(no change) 



19 Piace arrov^b in the blanks to sl^ow ihe change caused by an 
incrcdse in s<.)urce voUage 
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Fourieon-I ! 




P 

X 



In n 1 > e X af'U^ ' ^ , ^'^ decrease l he magn i i ude of i he ce s i s i ance 
The t'oMc ifig current vecior diaqroni'''iM help you visual i;!e 
I he char^ges in circuii values 
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^^r d jc'Cic.i^e in circuii restbiance (R) delecn^ine the change 
♦ 3^ i , I he full owing values 



E ~ Does a change lo R cause E Co change'^ 
a a 

! - Cu' rent flowing Lhrough R 



X, - Since fhe reactance of ihe inductor depenos on f and 
a jt- crease inRoroduces ''^'^l 



- Since total m^pedance is a combioaiion of R and X 



decreasing R causes 



m 2 



T 



increases oroducing 



P - 

I 

P - I dr;es nol change oroducino 

X L 
DQwe r 



in true po\ / e i 



fi P reactive 

X 



P^ - The Do^ei facior equals COS / 
and PP 



The phase angle deci eases 



no b increases c no change d no cl^anqe 
a J e c ^ e a s e f decreases g '-"^ n - n c r e a s e > no change 

Increases, i increases k increases) 
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Fou r I ee n - I i 



^i^n) iih J I row ^ ihe effect ot de'tc-a^mg R 





i 

i 


1^. 

.1 . 


1 ^ 

! 

! 






'l 


't 


■ 


/ 0 

- 




1 A 

I 

( 


T 1 

p 

1 ^ 


PF 




i 


i 

1 


1 
! 
















i 

1 








C a b c: I V - I d u c L a n c e 



22 in Ca^e I V , .^e vary ihe induciance by decreastnq L for 

ihe re^natning ctrcuic variables, determine iheir dependence 
on deC''easing L and ^ndicaie iheir var;altOn by srro\JS in ihe 
t (; ) 1 (jv I ng c ha r I 
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/:u M/-y NOW T/iKE THE PPOCRLSS CHECK, OR VQU M/-Y STUDY THE 
OT^^EP PESCU^CES LISTED iP YOU T/^,KE THE P":OCRFSS CHECK -Wb Af>i$UER 
-IL THE QUEST 'ONS CCRRECTLY, GO TQ THE NEXT LES^^ON 1,^ W)^ 
STUO^' /'NY y.ETH,GO OP INSTRUCTION YOU WISH UNTIL ^qu qaj^ ANSv^EP ALL 
THE QUEST IQnS CQPPFUTL Y 
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SUMMARY 
LESSON I I 

V 3 r I J I 10 f^j I Ana 1 y» i b of Parallel C i rc u i I S 

rijp^^cti-, circuii valuer when each of four variable quamiiies 
t '-t'.^ucn^ ^ , inducijnce. rc-^^^iance, and applied voUage are changed 
R^.'e^-ber. when dod 1 t ng \nth parallel circuiis, vecior cu r rem , not, 
if.vcdan^e The relative values of and I, deiermme vW^ether the 

. K L 

c-rcu'i 1^ p r edur"! ' nan I 1 s resisiivc or reaciive 

Ju.l in se'ies circuUb. Ihe value rrob t obviously aTfecied by any 
c^^ange in fit^quencs indufUve reaciance Tor example, an increase 

in tit^^ui'Hcv causes a corresponding increase in 

M.1 in ihe opposiuon of the inductive branch causes a de- 

cree i -n the curre'^t through that bra'-ch 

The fe.i-livc branch, for practical purposes, i^ not affected by any 
variation in frequency' 

Tciot current is equal to the vector sum of the resistive current 

(\ ) and the reactive current (i^) In this case. i I h the decrease 

iM^;^ there IS a corresponding decrease tn 1^ 

Sinct> I dpcrea^c^ and i remains the same, the circuit appears 
L 

r\xn c resistive and / decreases 



I' 




X . 

1 

^.th the decrease in there is an increase m PF 

Since loial current decrea.tr^ .^h i 1 e the applied voUaye remains the 
anc , there must be an increase in impedance 

,*Uhouqr-^ the Pf increases, true power remains the same, because 
there IS no change in the res'stive branch 

S'ncp aooa-'eni oower is eoual to total current tirr^s the applied voltage 
! ■ e r L J n ^ 



S urr^a N 
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Any variation in induciance affecib the C'rcuif in tne same 
manner as d comparable change i r, frequency 
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The I able bciov shjvt? ihe effcci of a dtiCrea^e in resisiance in 
r c ^ 1 ^ I 1 V c b f 0 n c h of an R L parallel c i r c u i I 
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JL - 


















pf 








Pa 




fx 




V 0 




R 




L 





' ^ a r I a I 1 a ' ^ 
all v/a 1 uc \ 



in a p p ! ' e d voltage causes a proportional ^ a r i a t 



.age , 



Current 



ano pOV-'r^ I 



AT THIS POINT. YOU MpY TAK[ F^E lliSSOK' PROGRESS CHECK, QP Vfjj ,iA^' 
STUDY THE LiSSQN NARRATIVE OR ^HE PRQGRAhhED iMS1 RUCTION UR BOTH 
IF YOU TAKE THE PROGRESS CHECK ANO /^KSWEk ALL OF Tr.E QUEST tli.D SO 
ReCTLY GO TO THE. NEXT lESSON If NOi, STUDY AKOTHEP MEIHQD 1^ 
INSTRUCTION UNTIL YOU CAh' ANSWER AL I THE OUSSriOK. cORPTCilY 
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(■ I ee n - I I 1 



r '« ' i 5 i C b ^ C " \ O 'J 



- b o I V I 1 1 Q p ..-^ " 3 I ' e I R C ^ . ' L u 1 I. s 

' V a r i a I 1 o I ) a 1 a j t y ^ i *j of pa f a 1 i e 1 R C 

C 1 ' C 'J • 1 



BETORL YOU ST;aRT THIS LESSON, PREVIEW THE LlS^ OT STUD^ RESOURCES 
ON [HE NEXT PAGE 
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L ' bl or STUDY KLSOl KCeS 



i in ihiv it-^son \0u have I Ik ^)pLi(Ni of Uiuosiiio 



. ^ ' Of riei.^ ' n ^ I r LJL I ion 



Vi^Ff^S "3osir Eleciricitv, AUrrn.Uinq Cu(rcnL " 

.l^'l^iiflL^ ^ L' IL^ ^ ^ Buroau of Naval Persom^ei 

'wr-w^ 1 '.q: 00 , 0 C IJ S GovefMrnpfU Prinunq Otfice, I965 



N-w' S^UOr r'JY OR ALL OF TH[ RLSOURCES LISTED ABOVE YOU MAY 
HE PPOGP^ SS CMEi. K AT AlWY T I 



Fou r L ee n- I I I 



NARKAl I VE 
LE SSON 1 1 1 
Pat 1 RC diui RCL C 1 ^cw I 

T^.' s(y!vc^ To' quan' I'es in o.i''oNel KC circuiis, you proceed 
'u-^i ab YO'j diJ lo bolve paiallel r>L circuiis Again wiih 
^^c) f a 1 1 e 1 RC circuits, v^c approach l he p rob ! eni v i a i he vector 
0 I 3 g i 5(v ' L u r r e u 



R 



Here again, voliagc ib ihc comrT^or^ 

^ ^ reference Since curreni through \ 

I » r c b I S L i V e I e g 1 S 1 n p h 3 C V ' 1 L h L h e 

applied voiiage, I is vectored in ih 
> ic J r, J a r 0 position Recall thai current t h r o u g n t h e c a p a c i t i v e 
orj^'ch IccJcS toe voltage by an angle of 30"" (iCE) For this 



'•'0 ^^n 1 vec lor for 



C 



IS dra\v'n up\'ard to indicate leading [ 





/ 


i 

k 




^ 


1 L_%. 



Find the values of 1^^ and 1^ and 
construct the current vector diagic3r 



to d'^'termine I 



T 



r' M i; t y ^> c ! ' " d i 0 0 r a n should 1 OC^ k like t h t s 




N a r r a I I V e 



Fou (' I ee n - i I I 



T 



1 

3bO ^ /O 



S J 1 V 0 I ^ e p r e Ci? J I n y C i f c u i l 
P 



P 



P 

X 



r rue po' e f ' s c ompu led by either of I he fcniulas P = ^ ^ \ ^ ^' 

P = I X E (;r P = 1 >, E X COS / ^ 
I R a I T a — 

P ^ I ) X R 

P^ = 9 X 1 20 

P^ = I080 \/ or I 08 kw 

Acpar-eni po^'er, 'S found using loial circuii values 

P =1 xE = 5ax360v 
a T a 

P = i 800 va 
a 

R c a c ' I V e p o ve r , i ^ found by us ^ nq i o l a 1 c i " c u i i values mu I i . p 1 i ed 

bv' ihe sine of /_ - ^^3 P,, ^ 1^ ^'^ using 

COnoonc^L values P - I 

. , X L 

louse the Sine t u n c l i O n 



COnoonc^L values P - 1^^ X 6nce } is^known il is mucl^ S i '"^p 1 e r 



P - I X E X S I N / 
X T a — 

p - 5a X 360^ X 79S 

X 
X 

Pee r fac Lur- is coua i :o Ihe COS \/h i ch is Q 6 for an angle 
r.f 53 1"^ 

T '.^'1 K d ' ^ ^' I' r c nc e b e ; ve en ^-^o t v i no an RC oa r a i 1 c 1 circuit and 
a R L D a r a M e 1 c i r c u . l is in i h c ^ i o n of i h c c i r c u i l o h a s c angle 
T h, t O h .1 ^ <=• a 0 1 c ' 0 O s I M ^ C in o C C I C U 1 L ^ . b u I negative in 

L C 1 ' c u I i ^ 
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N 3 r r a I 



P ; 1 v.^ P rub I cr^ ^ 
I 



<> 




6a 



A )2a 



' ^ p f ub I en^. ' Joe ^ c i ( c ^ i L j pp'.^a r nxD r e re ^ i b i i ve 




BRN 

R ^^^^ 
GLD 



loon 




f 300HX 



53MFO 




(^3a 

1 



30[i 



2 6 5 /-70 5 
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N J [ r d ^ 

3 



F uu r I c t:^ n - I I 



I 



5 ^ 

2k /-53 i 



' a ' I J L . o ' a I ' ^ f"^ J ' > N ! ^ o r P 0 r a M e ' R C C i i c u ' is 

^'^ir) L n d u c t I n q a v a i i 8 I i o n a ! analysis of an R C circuit, keep 
in ^1 1 n J I n e ^ tj I "^u 1 a 

C 159 



o " J ' ^ t:: C u r ' t:: n I V e C L O r d i a g r a 





M ' r r ^1 ^ t c < i i rK r e a s e c1 ' e I ' s , sec ^ h a 1 h a p p o ri s l o o l h e f 
c < i Cu \ i d u a I I [ I e s 

If ' i' t q u e o c . I ^ 1 n L r e a ^ e d X ^ d e c r e a s e ^ 
: ' / ^ J L L . c -v^ e ^ > I p 1 n c f a s e s 

i ' . - 1 , ^ 1 e safe because R is u a f f e c t e d b a change in 

1 i ^ . ' . r d e a d E remains I h e same Z ^ decreases 
I a T 

i ' i . , ^ ' J ^ o ^ '1 fi d 1 r e r: a I n s the ^ a n le i increases 
r R T 

• ^ 1 ^ . c - 1- a - c P ! I ■ c r e a " e 



" c a . > 



I ^ c r e a ^ c s I ■ 



/ V 



■--3 




Fourieen--l ! i 




The c u f f e n I ve c i o f 
d I ag ram show^ i iiai 
ab 1^ increase b / 
I nc reas e b 



if a y I c I ^1 e L J increases, P F decreases 



C jp I I o'^iC I > J pny^i ca! proper[.y and !s no I 
a f V' c I e cJ b N' f r e j e n c y 



f > 'f'\ J e I e I h I ^ v3 r I a I I ona ] analysis l ab 1 e us i rig a r rowb 
' u I n 0 I c a I e l ru^ r e s u ! i s of i h e c a n g p s indicated 
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Pa 
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/ 0 
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— ► 
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'J ' r3\ 1 n e c u f r e n ! v e c r 



' T 

'r 

PF 

P, 

Pa 

Px 
O 
R 
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jcji ^ I ng Pe ra M e 1 RCL Circuits 



^^e i^b CLiive here is lo solve for each o( the quantities listed 
i' ■ e I I o . ni a r g I n in I h i s t h r e e - b r a n c h pa r a t 1 e 1 Circuit 
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F ^ ^ u I u e n - I i I 



X)i] 



c u f I c n L ! i w u u vj ( I vK 1 1 b r o n c ( ^ o n d 
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Id 3q 



li 2c 



^^c c u 'jni ^ccior diogiani ci 1 b ra i i ! y acid ihe 



1 80 (JUL ^; ' J s e 



I Till' 



DO ^ 1 b 1 c because 1 



C 



' I I -c, L I a q u I ^1 f 
0 - |0 a 



2 0 



Na r ra I. , ve 



Fou f I een- I I i 




pa f a M e 1 RC L c i r cu i i jj^pea r lo 

I h e ^ ou [ OS 3 parallel RC c i t c u i i 

Iniure Lo, : I I 1 ve, [i^an i nduc l i vc) 



'/e ' ivj\ cunvrfi 1^ ! rum rec I a i^i^u 1 a r noialion lo polai' f^oiaiiun 



TAN / 



? a 

Tan / - ^ — 
— 3 a 



Therefore 



TAN - 0 666 7 

Looking in the trig tables we find it^ai when the TAN is 0 6667. ll^en, 

= 3 3 7 ^ COS = 0 8 320 

S I N 0 3 3i,8 I ^ - 3 6 a /JJ^T 

The combined valuer of in due live reactive power and capacilive 
''■j3Ciiye power 1:, the circu't reactive power (P ) Capacitive 
'cduiive power IS 180^'' Out of phase with the^ 'oSuciiye reactive 

pC;v e f 



Sc^lve for of the prececjir^g circuit 



Solve ^or P , P and P 
I X a 



33 3 
360 w 
^32 va 



/-33 
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Na r ra I i 



Fou r I e e n - I I I 
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) a ■ c ^ (' r 0 n t V e c I o I s and solve 



1 

L 



^ e c ri n ^ ^ ; e r on n e x : p ri q c 



■ I r I I 



'l ~ 5> / 36 9" 




.\1 THIS POINT, YOU HPY TAKE THE PROGRESS CHECK, OR YOU MAY STUDY 
ANY or THE OTHER RESOURCES LISTED IF YOU TAKE TH[ PROGRESS 
CHECK 'niO ANSWER ALL OP THE QUESTIONS CORRECTLY, GO TO THE NEXT 
1 ESSON ir NOT STUDY /\NY METHOD OF INSTRUCTION YOU WISH UN- 
TIL YOU C.^N ANSWER ALL THE QUESTIONS CORRECTLY 
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TM' OCrMMhtO I NSl KUL I i UN 
LESSON I I I 
f\v J i 1 RC opj RCL C ■ ' c r I I 



'^11 : Pr 0 .rvv-M^it L' iC.'UEf.'iC h,.S NO TEST FRAhLb 



y M c ■ ( 1 i tr I ^ L ^ ' [ c u i I I ^ i t I o s L ( e J by the d I a g f a b e 1 o^-' 
n 1 , J I ' ' . ^ ' ^ n ^ c b e ^ ■ e e fi I h I s L I I c u I I and a parallel R L Circuit 
J I J c J , ' J L ' 1 ^; f ' t-^ p I a c e s i h t i n d u c i u f C o i ' s e q u e mL 1 y , v o 1 i a g e 
■ il , ihevuUage across L^eresisiui equals 

jCfCss ihe capacitor, and bol^^ are equal to 




Si^ee vcjl'-iqt is CC'rrtri^.on E 's iC()resenicd by a vccLO' i i") the 

a 

pOb I Lie 



I anda r d"J 



C u r ( e I ^ L i K r ( ^ u g b [he r s i s t i v l b r ri c h is in p h ,3 s c \ ' 1 i b the 
and IS r e p r 0 ^ e n 1 e d by a v e > i u 1 n i f-i r standard po ^ > I on 

Id 
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L or R L ^ I r c u 1 I , I h e c i c c u i ' value l c v e c i o r for 



I ' L 



b ! ' ^ I M e p u I c I >' c a pa c ^ I I V e branch, c u r f e n i 

90 



vo 1 I age by 



' ! c a d ^ ) 



In I he current vector diagrar 
1 ' ; n e pos i i i on 



s 6r^^\'n as a ^/rcior pointing 



^0 



u ^ 



n 9 
. r 



' c n 



r t: C I a r, u 1 



a n c I ^ , the total 
a r notation a > 



cur r- e n L 



the C 1 r c u 



ca' 
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I II 1 



^ I ' ^ u i I L n I J [HI 




L rxj['i;;ie Circuit 1 ond 1^ con be calculated according 
La ^^n* ragniujcif of branch currents are 



)O0v S R 50[1 



L'j'^ ri-n /('CtQi' diag'u' i"or the abovr exan^ple is given 

T^ial Current can bc calculated to be 
^ ' r 0 f ^'1 1 q 1 L fj I 
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r V ' u I It f I - I i I 



' ' ^ 1 ' ^ O ' ' ; ! Mi^) f , ! , : I I np c" u c3 ("1 C r 



I ^ jq ' 1 I u Je D f I he I o ' a I i n peda nee c u d i re c i 1 ^, 
o i o I e j ' 'J b t' T ^ > J um M I ( ' , e p 1^ a s e eW 



' ^ ; > c 0 a o c t- 



c ^1 u ^ I ' n c 1 0 J e I It e p a N c ^ of [ a d ! 

a T 



22 



^urct /^-.hoqr (E - 100 v) ihc reference value and ca'^ 

r I I e ^ in f'O ! a r i o r m as 



C u ' r c n t ' r I t. I e n \ f^ ao 1 a f To r m is 



5 a /6 3T^) 



^ >j a .ion Z ^ 

I 



Jt c I. o L a I I Tip c d a n c c ' r i l l c n 



■ I 



' I. ^ 1 b I I V e L i ^ c ' J - ' o i ' p J 1 t tr 1 K C C ( 1 C U I L b , i h e 

K — 



7 T e r .J ;;o^ c r ' 'v^' f h e e x of'^,p 1 e c i r c u i i i s 



^ ' 1 , J ' J ^ given in a e r e and ohms, r e s p e ci i ve ! y , i h e l r u e 
D' ' I ' 1 > e X () r e b ^ c d I 



:O0" alls"]' 



>:r3f;^ni po er i- ec^ual lo l^e product oT source voUage and 

The "1 a g r^ I I u d e of P for i h e c x a n^p 1 e c i r c u i l is 

" " ' a 
^ a 



I ' J I c u ^ r c n I 



'^focii.'c po /O r IS equal lo I he oroduci of I he source vol i age 

I I a 1 c u r r c m and I h e ^ i n c / T e a q n i i u d e o T P for the 

— X 

- t^i c I r c u I i i b V a r s 



^02 3 var.) 



1 ' ' ^ e ' J ' ' a ' I ' J a 1 a ^ a 1 y ^ i s of d a r a M e 1 R C circuits. \jc 
I n d ^) e n d e ' 1 V vary ; h e following circuit quantities and determine 
■^di naoDcn- 'c 'he regaining circuit variables 



r ^^'lUC nc ; ( f ) 



ou . c e- ."J I : aac ^ E ) 
a 



c 'J r ^ a L I : a c c i C ) 

r. I tone fR) 



7Ji 



p I 



FourLc?cn-l i I 



Tc 

E 



C 'J r ! efU Voc I c I D , ran^ 



T R 



^ J 




TAN = -p 
R 



) ^ - ^ 



I XXorie SIN/ 
X C T 3 — 

I a 



PF 



- COS / 




in ihis eX'jr^ple we increase frequency and deterrnne the 
corro-pof^dinq cha'^^qes if any, in [he remaining Circuit 
quantities IjQon completing the short s t a t C n^-C n t S , note the 
j^'i f \ ' \ on IP, I he above table by appropriately directed arrc)i'/s 
Dra>' the cu^reni vector di a gran when necessary 

P - P e s I t a r^. c c ^ "-^ a physical p r p e r t y therefore R 



ncr'^a^e in *re^:]uencY 



s r 0 P O r * 1 o n a 
f ■ c r a s e ' n f 



o ^- 



(hereto re X 



c 
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'f' 




.lijg'jii s^'Lj s I hoi I lU' piijM jog U 



^ J f L L oil I , P 



. ^ L r 0 0 u a ! > E x I , and i i 
a T 

I in' 



w 1 I. h 



a 1 'J f — , L h e po\ e f f a ^ i o r 



c L>r ; , 1 r- • o " a I r I X ' o o c n a n f j c in f i q u c n c y is 




-•J n q t X ^ - decrease'- I ^ - I ^ a 1 ^ o c o n s l a n u 



C 



R 



nci"r3-(^- / - increases - decreases 



^.c r-- a . e s 



Ncr eases PT - decreases 
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Fou r U'e n - I I I 







/ 0 

I 






PF 


i 

1 

i 
j 






i 
I 
1 

1 

1 








I ' ill IV- TTI 



PF 




Par,-)] li 



R C L Circuits 



SI pie p a f I 1 I R C L c i f c u i i c o s i s t s of one purely resistive 
bro'^c^i, one purei^/ inductive brar^ch, and one purely capacitive 
orunL"^ T'^e ba^ic rules for soWing parallel RL and parallel 
circu.ts "ippi to a parallel RCL circuit 



A C E 



25 




B D i 



A basic RCL circuit is 

I he left Vo 1 tage is 

in the parallel RL and RC circu 



1 u s t ra t ed at 
as 



The total source voltage, E_ 
across branches AB, CD, and' 



t s 

appears 



If) 



Fou f U c") - I M 



I lOOv < R sod 



^ a , 



t a'^d I he current flo\Mng Lhrouyh the 
>f^r3 s e , I ne r e f o r c , 
■ I onda r ci pos i t i on 



b r d n c fi are in 

pf^r3se, inereforc, the vector representing I is plotted in the 

K 



Tn.' s ! t i ve ) 



25 Curr^'nt in the inductive branch 



currrnt the capacitive branch 

9C 



90 



the vo 1 t age by SO"" 

the 70 1 t aoe by 



/9 



T I 




P I 



Fou I" t een - I i 



^ i ,0 



3! 



3 ^ , ^ v) 



H 3 



.'rci'jf di.Mjijn^ (^f the braiv.h c u r e n t s re 



and 
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^^0 



7-^ —7- 



00 V /O 

r-:r/---7 , - /-2b 6^' 

' 2 M / > 6 6 



36 D r • 1^ ' ' c ; ^ e r , p o a 1 r f > I pow e ' and r e j c M v e po\ ;e r f o i I i"^ 



v^i j,'.^^^ ju£ PPOCRCSS CHECK, OR YOU MAY STUDY ANY OF THE OTHER 

^^E j.^PCES LiSTEO IF YOU T/^KE THE PROGRESS CHECK AND ANSWER ALL THE 
iUE:T!Ofr> COP^ECTL^ GO ON TO THE NEXT LESSON IF NOT, STUDY ANY 
■^ETHOD or INSTRUCT I ON YOU ^ISH UNTIL ^OIJ CAN ANSW£R ALL THE QUESTIONS 

: : PPE CT! Y 



^1 



I 



Tluj r I <^en - I ! I 



I L SbCiN i i I 

I , . f L e . ^. ^ d i I I ' ^. q c I f e u I t p h a ^ e a n c} /w^ i d u l i i v e 

■ i d i 1 I L ' ' ^ I I h d ^ d e g a I I ^a- phase angle ' ii i k- a c a p a l i i i v e 
d ' vj ! i e I L ' ' . J ■ ' a s a positive phase angle 




C 



The fiisi ^lep IS 'o apply OhniS 
L J'. ' [ u a <L h b I a f ! L h a ' ^ 0 find i 

75 /O^ 0 Jb a /O 



R 100 /O 

'c ~ iTw^^o 



0 6 a /-^gO 



I 



rj ' e d Jde<i ^ et t u r I a i 1 V to find i ^ and 



'C 
6a 



0 96 a /38 6'- 



1^ <M<^ 



1^ - 0 75 ^ jO 6 



ct. . ^ ^ no^ n , QhnV ^ La^' i^ appl led to conipuie Z 

t 75 /O ' 

78 ? /- 38 6' 



Q 96 7-^ 38 6' 



be dtU e rm 1 r^ed 



(0 7 5^^ ( 100) - (0 56) (ICQ) 56w 



I I 



X E 



5^ 



- (0 6^) ( 125) = (C 36) 1125) - ^5 vars 

- (0 96) (75) - 71 va 

- 0 78 



P a ' a 1 ' 'J ! ^ C c ! r u I I % react to c a ng c ^ in voltage, i np e d a n c e , 

rcacia^cc i ^arr^e -ay parallel circuits Keep mind 

in e ' s 0 1 / p r opo r L I ona 1 to frequency and ca p-ic i t anc e \ / h I 1 e 
^: \ f n " 'joo r L t una I to ^ r cq ur^ nc y and inductance An increase 
c. Cdu^e a det^rea^e in capaciti^e reactance 



( 



.'V. h3 7^ 

a: t-.e *^ 



c s f u 11 y -nattered R L and PC c i r c u i t . you will 
brar,ch RCL circutr 'iM or('senl mO problem 



nd 
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IK. . 


1 







E 100 /_0_ 
, - „' 1 . 0 ! a /-lO^: 

: 0 2 J 



E 

'c 



c 



500 nv 

100 /jT 
^~oo /-90' 



0 2S 0 /^30^ 



, u ' ' I' M I s u N 1 nq '' i,^ L Ut lu:] u I a r nu I a I i o n 

0 - jO ] 



0 2 + lO 
0 + lO 25 

0 2 + jO 1 5 



I jMj lend 10 cancel each oihef and the rcsuli 0 15 amj^s 



L' a L I I \' e C u f r c n I 



Tu find ihe rcbislive Current ('^^ ^^^^ 

"jiftcrence be i ween 1^ and 1^ arc added vcciorially 



15a 




0 25 a /+36 8° 



)r 2a 



Oicl been oclermined, l^e oiber circuit values can be compuied 

\ n L^xjcMv the .^ame manr^er as in any oiher circuil Because I he 
'^^a I h a I I c a 1 p r rcedu f e l o derive reactance in the parallel RC L circuits 
|^ if'<> iCingth^^ I he sine function of the Circuit phase angle is u^ed 
t ' f V o\ jc the circuit value of P 



E 



100 V 

0 25 / + 3^ 



= ^00 /-3^ 



= ( i p) X R = (0 Ok) (500) - 20 w 

- 1 X £ X SIN / - (G 25) (100) (0 599) = 1^ 9 vars 

T a — 

= 1^ X E = (0 25) (100) = 25 va 
i a 

- COS / COS /36 8" - 0 8007 



,.^T THIS POINT. YOU MAY TAKE THE LESSON PROGRESS CHECK, OR YOU HAY 
STUDY THE LESSON NARR/^TIVE OR THE PROGRAMMED INSTRUCTION OR BOTH 
ir vou TAKE THE PROGRESS CHECK AND ANSWER ALL OF THE QUESTIONS COR- 
RECTLY, GO TO THE NEXT LESSON IF NOT, STUDY ANOTHER METHOD OF 
INSTRUCTION UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY 
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S-S I r [ LElTP I C I TV r.UD [Lf! CI POM ICS 
ifUj 1 V I ;;UmL I Z E O UkRH I r^C SViTC;; 



f-^ 0 D u L [ FOURTEEN 



E S S 0 N IV/ 
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0 ^' t r V' 1 L V, 

- jno 1 \ / I fuj 0 pcj !' J 1 ! c i LC l I ' c u I I 

- <^ n idea! pc) i a 1 1 e ! IC c i c c u i i (;pe roi i ng 

0 1 I is naLurdl re^oodni fiequLMn. y 
-ano ly^^ing a pracLical lank circuii 
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P J I O i i C I /^C C I I 



^ „ : « f " t. ill . J c 0 1 1 z e ( J 1 s ' c g a r (J oil c i i c u i i 

n ^ o ' . / I TKj I !^ I ^ L C pcj r a M 1 1 c i r e u f is (.0 determine 



.3 p a . d M c ' L i r c u i I , w e 1 M a n a 1 y e l h c p i o b 1 en^ 
CLrfLru vccior Juig'^arn Again ouf convi>on reference 
: 1 I L d V o ! a Q e 



1^ 



90 



U s ' g 0 h r:T ' s Law, we d e t c r ni i n e 
I n p current through the c a p a c i t i v e 
b rancid IS ^ an^ps , and construct a 
sector for 1 to s h o^ ^ that Current 
leads the wo) tago by 90"" 



^'v car J e : f r n ' t: i h a i t '^c Current t H r o u g h the i n d u >: ' i v e D r a n c h 
3 Thl vectu- for I is Gra\^^ to sho^/ thot voUaqe lead^ 



1^ 4a 



1^ 3o 
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B. cau ^t.' ! and ' ^ are 1 30 ' our of phase, can a 1 grb ra i ca i 1 y add 
t 'n^ c (quantities l o solve for t cu a 1 c u r r f n t 

1 0 4 I ^ a 



T 



0 I 1 a 



N.I ' ' • L 
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I 1. 



2^ i^O 

N^lt ''Jl Z-^ 's Q^:edler ih.or, triln^r This ib OH ii'^purioni 

c . . - ^ I ' * > J p o r J 1 ' e ! L C I ! L u I I ti 0 e < i M d i n c u s ^ i i f u r b, e ? 



t. I * t' ^ u ^ c c u r p u . t' r IS ^' L' ^' / c d , Current \ ' i 1 1 c o n u n u o to 
L ■ re 1 . J I t Ot' t c L jnO C 



I 




± c 



V 



O/rMPED WAVE 



^ ! ^ ' 'C I . on ; s dut.' 10 the discharging o T the capacitor arid the 
1 o i p > I : ^ g field of I h e i n d u c C u r The current '/ill continue to 
;'^cjldU' bock and forth bet ecn L and C at a diminishw^g rote 
AN dj-'ped ,ave lb fur me d due to the resistance present m any 
Dfocticai ctrcuic This action IS known fiy;heel action or 
^ I hot ! ef •'cct 



; ' • a t C I * L 'J I t at N a t u f a ! R c b o n a n t T r e q u e n c y 



ice I 1 'jnd X^ ore rcjual , both 30 ohms 



30:2 



Current flu ing ip, both bra.nches of the netv/ork I = + jh amps 
a'"d I - - )^ a^ips The current vector diagran^ \^ plotted belov; 



1^ 4o 



1^ 4o 
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^ J i I 0 1 i' t l i s . ' 1 I r I r o u v.] h l 1 1 o L a p c i I i ' 



L' ' J ^ T*v^ J j;;etif j:Kt- t'^ji^ ihc v.t/<ilct point, C, i 

' ' ' " ^ ^ *^ > ■ ^ c i 1 1 « 1 ^ . ' C I J ; I ru) L u r r c r 



i ^ c- > w o • „ T e line c u f r e fU equals 0 A M i q h e u f r e n i f ! o^ ' b 
in ; r ' ' w , I; u I "i w Current. * 1 ow s to or f r\) 'n the source 

J ^ 1 . I n ^.j ^ o' 1 ^ in h tj ideal circuit / i e 1 d s 

- — = inf ini ly ( a 

T 0 0 



--^ ; V 1 J ' n q r 0 i rv^ o a n s, n u r 1 b e f" d c I u a M y y t e 1 d *5 an undefined n u nib e 
' V t r , 1 I 1 . . , r b eCvjrvs s;ii3 i ! e r and snio Her, event ua My iherc is 
LJirt^f't f!o'. I f uHi the bOurce, and an ir^ftr-.iie amouni of oppo- 
se i > IS I iMp ] I e d ) 

W c n, t h e c o n 0 I I t o n s e x i b I 

'line = ^ 



T^U' parallel circuit is said to be at its natural resonant 
f r e u e ncj^ 

Natural resonance alvjay*^ occurs \;hen = 

Tf^i> IS true for both sertes and parallel circuits 

In prat.t:ce, an "ideal circuit" never exists because 
resistance is always present Ho\.^^evcr, v/e v;i]l further discuss 
this idrol Circuit to better understand what takes place at 
natural resonant frequency 



Recall that to find resonant frequency in series AC circuits. 

rom tl" 

0 159 



v^e used this formula which canie from the = condition 



f 
o 



LC 



Since ^- X^ in paral lei circuits at resonance also, the same 
formula IS used to find f 

o 



90 



C \O0pi 



I 10 mK 




C 76 Sui 
100 



R Oil 



I 265h 



i ■ ^ r ^ '1 c L 1 L 0 1 0 D p 1 ! c a i I on ^ , ideal c > r- c u i i c o n d i i i o-^ s c a n n e ve r 
Of '1 c ' . ' e / r' o I r a c M c a 1 c \ r \ { a 1 ' a v \ h o s some r- c s i ^ l o n c 

T I ^ r ^ I ^ I 'J c e is p r I ' ,0 ^ . I ,' due I o 1 1 1 e c o ; 1 ' ^ windings and i 
d t 1 c > ^ d 0 .-i resistor in ^ e ^ ' e s - i i r t h o coil in i h c above 



ar^d in >crf('>, the ph/me angle is bel /immi 



I I ^ ^'(^ a ^ : ' a * ' n e current t n \ he ca pac t I r) r . and the current i n 
^ c ' J t 1 a r L o : c X 0 c ' 1 >' 1 80 ^ ^ u I of o h a s e . vuj l h c f e T o r arc 
n(.r («/ac;.' . '^:'jal anc o:m"^o^ i l c 



l''i' cjr.'. • 1 ' . r>g 0 nd f r orr, t h f ; j r c e Obviously. ( f 1 e 



I 



■ ^ ^ , I ' ^ ' ^ 1 a I hr r T ) I 1 ; I 1 e ci 1 I f <M ncr br U ^Oe n 

) ur^nr^i Cjr' rent. ,1^0 Ihc n^I lint- Currfn[ is \ ni.j 1 1 



( prochcol ! 



I >deol ) 



I r I 1 r I I I t a ^ i fi ; f ^ c i J c 0 1 L d n k 



;> > t I I o s r 1 c s r c s n a n c , since 



L I La ! f 0 1 1 e 1 C 1 r c u t I 



^ ' L J , L C c I r' c u 1 I (.1 p e r a I e b a l its resonant 
' a c I a c e - o r equal We h a v e s e u r^, i h X = X ^ 

. - ' s I I >' 1 ^ a 0 , h e I he r R , L , an J C are in b f r i 



; n a n L h a I of" resonance, 1 1"^ e f U' c I s of the 
a f ' c r I i tj d ( X ^ 'Joes not q u a 1 ^ ^ ) . ' e a v i n g one 



i a a 1 V z I n g the ( t - r e s o n a n c e e f i e c I s 
C c^'Lipiri lun. e learned that ''hen is the 
: ' " J 1 I ; - 1 n 0 'j c I ) ^ c . V h e n X ^ is the 1 a i g e r , lUt 



1 I c I 



^ 'n bo 1 o\ ' 



>O0n 



j vo r lobl c 
f rc-qutrv<ry 
gcrv^ro^or 



c " a X d ' ^ c . e a s e d 



' fv^ tl- 'x(;nor. [ f rv(\ui: ncv Suppos c v;c 
revjuenc^ Qcneraion Drr)duce an output 

X 0 1 c r r a ' ' s but X i ri c r e a s c s 
the Currcn, ihrounh t^^( coiT incroa^-c.s 
c a D e I L o r 6 c c r a m- s T U) t a 1 



^ou [ I ee n - IV 



L L ^ ' ' J . I 3 ^; J f ^ 1 J u L I 



- ' o 1 ^ t; I n e source t r e g j r r il y 0 b uv o 1 X i n e r e a b e ^ and 
X ^ J ^ ^ r J ^ c, ^ A U I 1 b t r u f n c V , I h c l.' r V c n i h f o u g ^ i l h e c o s 1 
J . ' u c . , - h ' i r L u r , e n I I h f 0 ^ q h i h c c o pa <^ i I o J t ^ f e a s o b 
"''"•^ v^''iM 'fur. ihc ->ou''^ti 1^ capac live currt-ni af^d ii leodb 

o;, p:;oJ ^^;iiagc (iCE) There tore, Ma- circuit bo have ^ 'ike 
"• ^ ' ) a c ' I I 'v c C I r c u ! I 



;pplieJ trequencv I , above 1 , ihe paraMi 

o 



Dpear^ c apa c i i 



u r 



^ n Parallel R e s o a ru Circuits 



^ ;3 a f a ! U ! r e ^ o n a ru L C Circuit ma \ be u ^ d as a very efficient 
D a J r ' s tiller A v e ^ y c onir^.o n use for a circuit like this is 
the I J n I n q section of a radio receiver T e high i nip e d a ri c e of 
t'^e tanh circLjit at or near resonance develops a relatively 
h. 1 g h voltage u p a ^ s on i o the f o M ow i n g circuits Here is a 
o this t y f) e tank 

Q n i c n c't o 



\ to rodi'" 



FriMjucncie^ higher than the resonant frequency are bypassed 

through the capacitor \;hile those belo\; resonance are passed 

t'nrounh the inductor without producing a significant voltage 
drop 



By using a variable capacitor in the circuit 
results, and the Circuit can be adjusted to pi 



a tunable filter 
ck up one par- 



ticular radio station v;hile rejecting all others 



9^ 



k t I i ^ one , JO i us I ! I 




1 ^' I s IS L J M J bo (id 

t' 1 I Ti I no I I Of^ t I 1 Km , for I I 

r r 0 q e n c 1 e s w t i h ou i g r e a I i v 
attcciMTg bignals above or 
b e ! u ^ ' lis C u L o r f f r e q u lm L I e b 



AT This PCluT, YOU MAY Ta\k£ the progress ch^k, or you may study 

:^r< { or other resources listed if you take the progress 

Cmeck AN'SWER mLl or the questions correctly, go to the next 

LESSON ir NOT, bTUDY ANY METHOD OF INSTRUCTION YOU WISH UNTIL 

/Qi; CAN ANSWER ALL THE QUESTIONS CORRECTLY 
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^U'vEMLE H.-O NO TESl TRAr^Eb 



' i - ''uJule. e *^d^^^ JisCusstrO pjijMcl Rl , RC and RL C 
jf o' J«;vcl'jped t'uIl^s fur" deterniimncj i he Circuit values 



V J r I ^ i u n a 1 a n (3 1 \ b I s o n e s e 'circuits, ^ hi a v tj ! j e 
L ha ro'^ I e r 1 s M 'C^ of eac h t v pe c i i cu t t v/heri circuit 
^en d '^'U i \ varied A I o u i i\ p^e u f pa I'a 1 1 e 1 c i i' c u i i 
I e o L i ' e c ! n I b ,1 i s o 1 jv ^ i n t. e u* ^ i i r^q and unique 
T f^t pa f a 1 1 e t LC circuit can mo t be i ot a H y \ i i fuiu L 
J ^ ' ^ all Circuit- ve r e ^ i s l af'ic e \ n i h u i r I time lU ^ a i^d 
H u . t.' / 1 r , r . 1 I 1 f 1 r s L d I > c u s ^ I he i de a 1 c i r c u i I v > t o n I y 
L t I c > • f I ' 3 n d ! a [ e f c u n s i c e r e ^ e c t b o f resistance 



■ ■q a 
^ c r Ce- 



ltic 



The b a - I c I J e a 1 L C circuit is ^ hen ^ n in the d i a q r ani b e 1 ov S i c e 
' t I - 1 D J r I ! ] c 1 r c u I L , IS common and t he v(j ) t age 

1 ' I; a C r ' . ^ .\ B 



the ci rop ac r cjs^ CD 



IOOn 

A 



25) 



soil 



/u I la' 
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[ 
L 

I - 

L X, 



i 



I 



I rM(,,e J J nCt^ i ihc exon^ple, find 



C 

L 

R ""' 



3 " aT 



P ' ^ r I a I c u r n I f 1 o\ ' i n g through resistance is in p d s e w i t H 

'v' u ! t d , I n J u c t I ^ c Current 
vj c3 J o e ' I I «y u c u r c n I 



the ap(o)icd voltage by SO"", and 



the applied voltage by 90^ 



3g - 1 eodT] 



T^^c ^ I 1 o^ I ng current vector dtagrann ca^ be drawn Current through 
; e c > I - 1 I v/ r e 1 c n^c n t s is , n the ideal L C circuit e ^ amp 1 



2a 
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(.j I ( ^ tM" r n L c 



cur.eni can [^e ca'culaied b\ odd'ng 



Ip - 0 a jO 3 



0 a - I 2 a 



0 a •+ J ^ a 



n : I a r f o rr^- be cornc 



cxa^rJe, loial cur rem ^^xpres^ed in rectangular nolalion 
M 1 K' (("^n^L'ried to polar lorn Therefore, 1^ = 0 a + j2 a 



' 2 a /90' ) 
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9. The tola) impedance can be calculated from Ohm's Law: 



E 




(50 n /-son 




When the source of power is removed, current will continue to 
circulate between L and C. This effect is due to 



(The discharging of the capacitor and the collapsing field of 
the inductor.) 



1 1 . 




DAMPED WAVE 



After the source of power is rerroved , the current will continue 
to circulate back and forth between the inductor and capacitor 
at a diminishing rate. This action is known as flywheel action 

or flywheel effect. The damped wave is caused by the 

present in any practical circuit. 



(Res i s tance) 
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Ideal LC Circuit at Natural Resonant Frequency 

As we will see in the following frames, the ideal LC parallel cir- 
cuit displays unique properties when the inductive and capacitive 
reactances are equal. The frequency of the applied voltage at which 

equals X^ is defined as the natural resonant frequency of the 
c I rcu i t . 



12. In the circuit illustrated below, X^ is equal to . 



1^ KX>v 



\ 25 n 



Recall the equations for reactances: 

0 J59 



^C =^ 



fC 

27ifL 



The frequency at which X = X^^ is defined as the 

frequency or the circuit, and is denoted as f 



( na t ural reso nan t ) 



13- If v^e change the frequency from resonance, say i ncrease it, 

and . In any case, X^ no 

longer equals X . A similar non- resonance phenomenon occurs 
if we decrease the applied frequency from f^. 



Tde 



crease s , i ncr eases J 
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1^. In the current vector diagram below, the Inductive branch 
current is to the capacitive branch current. 




(equa I ) 



15. In the parallel LC circuit at the resonant frequency, 1^ and 

1^ are equal and vectorially plotted in 

d I rec t i ons . 



(oppos i te) 



16. The total current calculated by vectorially adding I and I 

I S 



(zero) 



17- When a parallel LC circuit is operating at resonance, the 
current flows from the capacitive branch to the inductive 
branch at one instant, while at another instant current flows 
from the inductive branch to the capacitive branch in the 
d i rec t i on . 



(oppos i te) 



ERLC 
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This alternating current appears as a loop of current in the 
tank c i rcu it def i ned by ABCD in the dic^gram. 




Even though current flows in the tank circuit, the total cur- 
rent flowing from the source is 



(ze roT 



19. At resonance 1^ = 0, so the total impedance is Infinite 
Solve the circuit in frame 18 for Z^, 



1^ " 0 a 

(Note: Any number divided by zero is actually an undefined 
number. However, as current gets smaller and smaller, impedance 
must be increasing, so that when current i^ zero, impedance must 
have reached infinity>) 



20. In review, the natural resonant frequency of an Ideal parallel 

LC circuit occurs when capacitive reactance 

Inductive reactance. 



(equal s)~ 
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21. In practical electrical circuits, resistance is always present. 
This resistance changes the special characteristics of resonance. 
The extent of the changes depends on the ratio of the inductive 
reactances to the resistance. Recall that low-Q coils have a 
relatively large resistance. 



(effect i ve) 



22. A practical LC circuit is shown in the diagram. 



x^x>on 




Recall that, with resistance in series with L_, the current flow- 
ing through the inductive branch is no longer 90° out of phase, 
but lags voltage by a phase angle between and 90**. 



23. We represent this change in the phase angle inductive current, 
as indicated on the vector diagram below. 




Right away, we expect the total cUrrent at resonance to be 



, due to the presence of I . 

K 



(greater than zero) 
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2^, In the ideal parallel LC circuit at resonance, 1^ is zero, 
and the total impedance is infinite. In a practical circuit, 
if R is small, the total current (or L ,^-) is also small, 

- , .r.. i LINE 

and IS not infinite but remains . 



(large) 



25. Recall that resonance occurs when the inductive reactance, , 
is to the capacitive reactance, . 



(equal ) 



26. In the circuit example, assume that we have fixed values of L_ 
and C» The reactive impedances are defined by the equations: 



($)' 



X, = 2Ttf L 
L o 



27if C 



In the resonant condition, we can equate the two, X^^ = X^., 
and substitute: 



o 2ti f C 



The resonant frequency can be calculated from this equation, 
usi ng 2-n = 6.28. 



f = 
o 



0.139 
v/LC 
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27' If vve now increase the applied frequency above f , keeping all 
other factors constant, X, and X-. ^ 



(increases; decreases! 



28, Since X^ is greater than X , the current flowing through X 

is than tne capacitive current. Look at 

E 

Ohm's Law (l = — ) for the solution. 





(smal I er) 


29. 


We can say, therefore, that when the applied frequency is 

above f , L is larger than 1, and the circuit appears 
0 V L 




(capac i t i ve) 


30. 


If we decrease the applied frequency 
and X^ 


oelow f , X, 

0 I 






^decreases ; i nc reases) 






31 . 


E E 

From Ohm's Law, = 7^ and = 7^ 

than Ip when the parallel LC circuit 
In this case, the circuit appears 


■ 'l - 






operates below resonance. 












( 1 arge r , i nduct i ve) 
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32. Parallel resonant circuits are commonly used as filters to 
select or reject narrow bands of frequencies. Based on what 
you know about filters and parallel resonant circuits, which 
of these is a bandpass filter? 
IN* 1 IN» 



B 



OUT 



i 



OUT 

-1- 



W 



33. Choice A is correct, for the parallel LC circuit has a high 
impedance at or near resonance only. At any frequency lower 
than its lower f , the signal is shorted through the «nductor 
to ground v-vi thouf^deve lopi ng a usable output voltage. 

A signal at a frequency of 20^000 Hz useful at 

i s/i s not 

the output of a bandpass filter with the resonance curve shown? 

30 KHZ 



t 

I 



! 1 

1 Zi^ 


1 
I 
1 

^ 1 




\ 1 


28 KHZ / 1 


I\ 32KMZ 


J t 


1 

)\ 
i\ 
1 \ 
1 \ 
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3^. Frequencies higher than the upper f are bypassed through the 
capacitor and again no usable outpuf^is developed. Using the 
graph from frame 33, determine which component offers low 
impedance to a frequency of 65 KHz? 



(the capac i tor) 

35. Because the impedance at (or near) resonance is high, an 

output voltage develops across the tank circuit in this region, 
and a graph of voltage versus frequency looks much like tl'.e 
impedance curve. 

What is the resonant frequency of the circuit whose output 
is graphed here? 




(1500 KHz) 



36. A very comrrion use for bandpass filters is the tuning circuit 
used in a radio. Placing a variable capacitor in place of 
the fixed capacitor allows the resonant freqL»ency to be varied 
so that one station will be received while all others are re- 
jected . 

What station (frequency) does this circuit select? 



I 




= lOpf 



(1590 KHz) 
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37. A parallel LC circuit may also be used to eliminate an unwanted 
frequency, such as interference to the picture of your TV. This 
is done by wiring the circuit a little differently: 




-#OUT 



Here, the voltage developed across the resistor (IR) is 

at resonance because the impedance of the tank 

maximum/minimum 

circuit is . 

maximum/minimum 



(mini murr ; max i mum) 



38. The circuit shown in frame 37 is a band reject filter, for it 
eliminates of frequencies from the 



one band/all but one band 



output . 



(one band) 



YOU MAY NOW TAKE THE PROGRESS CHECK, OR YOU HAY STUDY ANY OF THE 
OTHER RESOURCES LISTED. IF YOU TAKE THE PROGRESS CHECK AND ANSWER 
ALL THE QUESTIONS CORRECTLY. GO TO THE NEXT LESSON. IF NOT, 
STUDY ANY METHOD OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL 
THE QUESTIONS CORRECTLY. 
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SUmARY 
LESSON IV 

Resonant Frequency in Parallel AC Ci r cuits 

To further your understanding of how components react to applied 
frequency when connected in parallel, we will now idealize (dis- 
regard all circuit resistance) a circuit containing a capacitor 
and a co i I . 




Consider first that 1^ and 1^ 
are 180^ out of phase. Because 
of this phase difference, they 
cancel each other and the current 
drawn from the source equals the 
dLf ference between the two ( L " 

^Xc3oa c 



1.) 



50 /O' 



1 a /-90^ 



50 /O' 



30 /-90^ 



1 .66 a A90' 



SOv 




0 - 
0 ^ 



jl 

jl .66 



0 ^ jO.66 



As you can see from the illustration, 1 amp of current passes back 
and forth between the coil and the capacitor with the source supply- 
ing the extra 0.66 amp to maintain 1^ at its Ohm's Law value. 

Because of the transfer of energy between the two reactive devices » 
total current is less than either 1. or I, . 

C L 

By applying Ohm's Law, we can solve for Z^. 
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Note that is greater than either or X^. This is an important 
aspecl of a parallel LC circuit and we will discuss it further. 

When the source of power is removed, current will continue to circulate 
between the Inductor and the capacitor forming a damped wave. This 
action is known as flywheel action or flywheel effect. 

Circuits which contain Inductance in parallel with capacitance are 
called tank c i rcu I ts , The current which flows within the tank (back 
and forth between the capacitor and the coil) is known as ci rculat Ing 
cu r rent or tank current ('j/^j^i^)- current which the source 

supplies is called 1 i ne current ('i^n^^)* line current is merely 
another name for I-.. 



(a 

ISOv 



By looking at the accompanying 
schematic and using a little 
imag i na t ion , you shou Id be able 
to determine ^nd circuit 

impedance. You can see that 



\ - 



c • 



This means that I, = I, 



Due to the 180° phase shift between the equal branch currents, there 
is a complete canceling effect and I 



LINE 



IS zero. 



150 



L ° 100 /*S0 
150 

c ~ loo /-90 



= 1 . 5 a /-90' 



TT = 1 . 5 a /+90' 



I . 0 - jl,.5 

LINE " 0 t- j 1 ■ 5 

0 + jO 

With line current known to be zero, circuit impedance can be computed 
by Ohm's Law. 

7 ^ '50 ■ f ■ ^ I ^ \ 

I = -|- = Q — = inf I n I ty ( « ) 

(Remember, this is an ideal situation.) 
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When these conditions exist 



'line - ' 



the circuit is said to be at its natural resonant frequency, 

Natural resonance always occurs when the frequency of the applied 
voltage is such as to make « . This Is true for both series 
and parallel circuits. 

Recall that the formula used to find resonance in series circuits is 

f 3 or — 

^ Ztt/LC vZc 

The same formula is used to find the resonant frequency of a parallel 
network because we are looking for the same circuit condition, X « X 

In practical app 1 i cai: ions » ideal circuit conditions can never be 
achieved. The resistance present in the coil's windings upsets 
the balance between current through the inductive and capacitive 
branches . 




The two currents are not exactly equal and opposite; therefore, 
there is some line current drawn from the source. 



The dotted line (l^^) represents 
what 1^ would be under Ideal con- 
ditions; the solid vector (l ) re- 
presents the actual current through 
the inductive branch, Kote that 1^ 
is slightly less than 1^ and the two 
currents are not exactly 180** ovt 
of phase. 



ERLC 



no 
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Due to the resistance in the circuit, increases from the ideal 

value of 0, and impedance decreases from infinity to some finite 
va lue . 

A more practical statement of conditions at resonance of a parallel 
c i rc u i t is 




'line ~ r^^'nimum value 
2^ = max i mum va 1 ue 

At the resonant frequency, d parallel LC circuit appears purely 
resistive to the source ( /Q^ = because the only current drawn 

IS due to the circuit resistance. If frequency is varied from 
resonance, the reactances (X^^ and X^) are no longer equal. 

When the applied frequency drops below f , inductive reactance 
decreases and inductive current increases. 



At the same time, capacitive reactance increa:***^ and capacitive 
current decreases. 

Since the inductive current is the greater, the circuit appears 
inductive at frequencies below resonance. 

When the dppHed frequency varies above the resonant frequency, in- 
ductive reactance increases and inductive current decreases. Capacitive 
reactance decreases and capacitive current increases. 

Since capacitive current is the greater, the circuit appears capa- 
citive at frequencies above resonance. 

Remember, at resonance '^_|^^ minimum and 2 is maximum, so '^j^^ 
will increase whether frequency goes above or below resonance . 

One use for this type of circuit is a band-pass filter. This filter 
develops a significant voltage only if the applied frequency is 
near its resonant frequency. In this way, we get a circuit which 
selects a very narrow band of frequencies and rejects all others. 
A variable capacitor is used to build a widely-used tuned circuit 
for radio receivers; t — 7 



»lo rodto 



1 
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The capacitance Is varied to select the desired station while all 
other frequencies fail to develop usable outputs. 

Wired like this, the parallel LC network forms a band-reject filte 



AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK, OR YOU KAY 
STUDY THE LESSON NARRATIVE OR 'THE PROGRAMMED INSTRUCTION OR BOTH. 
IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL OF THE QUESTIONS COR 
RECTLY, GO TO THE NEXT LESSON. IF NOT, SELECT ANOTHER METHOD OF 
INSTRUCTION UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY. 



input 




output 
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OVERVIEW 
LESSON V 

Effective Resistance in RL Parallel Circuits 



In this lesson you will study and learn about the following. 

^pract i cal RL c i rcu i ts 
-sol vi ng for current 
-effect of Q of a coil in parallel 
RL ci rcui ts 



BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES 
ON THE NEXT PAGE . 
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LIST OF STUDY RESOURCES 
LESSON V 

Effective Resistance in RL Parallel Circuits 

To learn the material in this lesson, you have the option of choosing, 
according to your experience and preferences, any or all of the 
f ol 1 ow i ng : 

STUDY BOOKLET: ^ 
Lesson Na rra t i ve 
P rog rammed Instruct i on 
Lesson Summa ry 

ENRICHMENT MATERIAL' 

NAVPERS 93^0OA-lb. ''Basic Electricity, Alternating Current/' 
Fundamental of Electronics . Bureau of Naval Personnel . 
Washington, D.C.' U,S, Government Printing Office, 1965-^ 



YOU MAY NOV STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE. YOU MAY 
TAKE THE PROGRESS CHECK AT ANY TIME. 
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NARRATIVE 



LESSON V 



Effective Resistance in RL Parallel Circuits 



Practical RL C i rcui ts 



Up to this point in parallel circuit analysis, we have con- 
sidered the coil as ideal. I r. other words, we have assumed 
that the coil was purely inductive, but in reality we knew this 
to be untrue. A coil also has resistance the effective re- 
sistance of the coil. When the effective resistance of a coil 

X^, it cannot be ignored. 




I s 
re- 



coi 1 (Q = ^) 
the effect I ve 
be taken i nto 
The branch of 
the circuit which contains the 
coil is no longer considered 



I f the Q of a 
less than 10, 
'^ff sistance must 
dOHcons i de ra t ion 



8oa 



purely inductive because, in 
effect, there is resistance in 
series with the coil. 



When a leg of the parallel network has both R and , then I 
through the leg no longer lags E by 90^ as it does in a purely 
inductive leg The phase angle changes, and as with any series 
RL circuit, the ohmic values of R and X^^ cannot be arithmetically 
added to find the total impedance in the branch. 

Before we can determine the current flow through this resistive- 
reactive branch of the network, it is necessary to find total 
impedance in the branch. 



Remember that we can vector to find 2-. in series AC circuits 
only; however, the coil and the effective resistance are in 
series in this branch of the parallel circuit. 



Find Z_ of branch 2, or Z^,, by vector addition. 




1 

Ia lOOV < R lOOn 1 



'2 = 



I I 



U6 
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Impedance vector dicgram: 





1 


t 












—♦J 


A 



As this Is a 
you know 2 2 ■ 

/u = 53 r. 



3-^-5 t r jangle , 
! 1 00 ohms , and 



R^60n 

So ] V I ng for Cu r re n t 

Now we know that the 'mpedance in branch 2 Is !00 ohms / 5 3 ■ I ^ ■ 
We also know that because the coil and the effective resistance 
are in series, the same current flows through each one. Current 
through Z2 1 determined as follows 



Z2 



E 

a 
12 



100 /0° 



22 100 n /53. 



(Remember E is the 
r a 

common reference in 
a pa ra 1 1 e 1 ne twork . ) 



Z2 



= 1 a /-53. 



(Note* Here we are saying that the current in the inductive 
leg is lagging E by 53-l°- This makes sense because in a 
purely inductive circuit J_ lags E_ by 30° ^ t>ut because we have 
resistance in series with the coil,; the phase angle has de- 
creased from 90° to 53.^°*) 



Current through Zl is determined in this manner. 

E 



21 R 



100 V /O^ 
'21 " 100 0 /O" 



2) ^ ^ 



Adding the Branch Currents 

To add the individual branch currents to obtain total 
current, we must express them in rectangular notation 
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Z2 



Fou r teen-V 
= 1 a /-53. 1' (polar) 



'z2 ** ^^'^ ^ (rectangular) 



Adding and 1^^ to find l^, 



The re f o r 



1^^ = 1 .00 + jO a 
=0.6 - jO.8 a 



e 1^ =1.6 - jO.8 a 



Now we have \j expressed in rectangular form, 



Constructing Current Vector Diagrarf^ 




.So 



Since we know the values of re- 
sistive and inductive current, 
we can use the formula 

S 0 8 
TAN /G = = = . 5000. 



In the trig tables, we find: /O 26.6''. 



R 



Then COS /6 = -; — ; transposed, I 



COS /0_ = 



COS /e 't 



1.6 



1.8 



In polar form,, 1^ is 1.8 a /- 26 . 6^ 



Relationship of Q in Parallel Circu i ts 

In many appl ications of parallel networks, keeping power con-- 
sumption at a minimum is important. The greater the of a 
given circuit, the more power consumed. 

When e*^fective resistance of a coil in a parallel RL circuit 
increases, then the power consumed increases. When the 
circuit consumes more power, the inductor stores less power. 
A low-Q coil dissipates more power than one of equal inductanc 
with a ^'gh^Q, because the effective resistance is greater in 
the 1 ow- Q CO i 1 . 

As long as the Q of a coil remains 10 or above, we need not 
concern ourselves with the phase shift of the inductive leg be 
cause the effective resistance is negligible. However, if the 
Q of the coil is less than 10, phase shift must be considered. 
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For your purposes in this school, you will disregard the ef 
fective resistance of the coil unless otherwise directed. 



AT THIS POINT, YOU MAY TAKE THE PKOGRESS CHECK, OR YOU MAY 
STUDY ANY OF THE OTHER RESOURCES LISTED, IF YOU TAKE THE 
PROGRESS CHECK AND ANSWER ALL OF THE QUESTIONS CORRECTLY, GO 
TO THE NEXT LESSON, IF NOT, STUDY ANY METHOD OF INSTRUCTION 
YOU WISH UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY, 
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PROGRAMMED INSTRUCTION 



LESSON V 



Effective Resistancf^ in RL Parallel Circuits 



THIS PROGRAMMED SEQUENCE HAS NO TEST FRAMES. 



An inductor possesses both resistance and impedance. To simplify 
calculations,, we can represent the effect ive res i stance of a co i 1 
as a pure resistance in series with the coil. With the resistance 
•'removed", the impedance of the coil is again purely reactive and 
Its value is represented by . 

i. In the parallel RL circuit shown, four major elements are 
indicated although the actual circuit has only three parts 
voltage source, resistor, and . 



( i nduc tor or coi 1 ) 

2. R and X are expressed in ohms. The effective resistance of 
the CO i T is expressed in . 



3. To calculate voltage and current values for the parallel circuit 
illustrated, we can start with the procedure developed in the 
last lesson for circuits with purely resistive and inductive 
branches. For the resi:>t've branch, we calculate the branch 

current according to the equation = , since 

voltage is common and the voltage drop across the resistor- 
is equal to * 




(ohms ) 
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A. 



y 



Similarly, the voltage drop across 
the reactive branch is equal to 
t^^^ voltage. 



^source; 



Neglecting the resistive branch for a moment, we can solve for 
current flowing through the inductive branch as if it were a 

series circuit as shown. With 



R and 
eft 



th i s is s imp ly a 
RL c i rcu it like you 



studied in Module Twelve. 

1 



HI 



(series) 



6. Since R is shown to be in series with 
of the Branch (22) must be equal to the 



the coi 1 



the impedance 
sum of 



ef^ 



and X. 



(vectored) 
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7. You know the voltage drop across the resistive element is in 
phase with ihe current. The voltage drop across the inductive 
element is out of phase and current by 90^. 



Tleads) 



8. Recall that in a series RL circuit we cannot direct!/ add im- 
pedances to obtain the total impedance of the circuit. 
must be obtained by vector addition of jnd 



Draw the impedance vector diagram for the inductive branch in the 
circuit illustrated and label the impedance and phase angle. 





9, Calculate the impedance and phase angle of the inductive branch 

when R and X, are both 10 oh.T^s . 
e f r L 

h ~- 

/o = 



ERIC I 
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!0. The imoedance of the inductive branch can be represented in 
rectangular notation as: 

ohms . 



" (10 ♦ jlO) 

11, The same current, ^'ows through X and ^^^^ » For a source 

voltage of 100 volts, we can solve for I using Ohm's Law, 
E 

I s _i (iaipedance of the Inductive branch). 
^2 

When we divide ICQ volts by \k ohms to obtain I ^ » must 

consider the ^ difference between voltage and 

current . 

} 1 




(phase) ^ 

12. Remember that we arc solving this branch for impedance and 
current in order to ultimately solve the parallel RL circuit. 
For the parallel circuit, i is the common reference and 

therefore has a ^ phase angle. written in 

polar form is . 



(zero; 100 v /O*) 
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13 With E = 100 V /OJ^ ^nd 2^ = 1 ^ Q /k^ , the current 1 flowing 
througn the inductive branch is 



(7 1 a /'kS'] 



1^, Recall thi?c in a purely inductive circuit, voltage leads 
current by 90°. This is Che same as current I agg 1 ng vol - 
tage by . 

For the inductive branch of the example circuit, we have found 
that current lags the voltage by . This decrease In the 

phase angle from 90° is caused by the in the 

Circuit 



( res I stance of the co 1 1 or R ) 



15 Current flowing through the resistive branch can be calculated 
directly from Ohm's Law, 






100 

50 


V /O^ 

" IS>1 


= 2 a 70° 





12h 



p. I. 



I 



Fou r t een-V 



16. For the parallel RL circuit, we have calculated the branch 
current to be' 

^1 = 2 d /0_^ 

1^ » 7. I a /-^^ 

To find the total current for the circuit, 1^, we combine 

I ^ and I 2 by addition si nee the two currents 

are out of phase. 



(vec tor) 



17 Since the branch currents are not 90° out of phase with each 
nthpr fl. = 2 /O'' . I. = vVl Z-^^"") comb i n i no them is a bit 



ince tne orancn current^ are not out ot pnase wiin edcn 

ther (I, = 2 /O^, I = /H /^ilil) combining them Is a bit 
ore difficult. To comb i ne\these to currents they must first 
^ r^^.^A : ^ : — 



Ot 

more 

be expressed in notation. 



X^ 'ec tangu i a r ) 



l8 L written in rectangular notation is 



T2 ^ jQ ) 



19, Branch current ! ^ consists of a resistive component U^) « 
and a react ive component (l ). To change 1^ from it's polar 
^or^ (7. 1 / ^5° ) to rectangular form, follow the procedure 
learned in Module Twelve, Lesson Mi. 

res i St I ve el eme n t (l^.) = (Cosine /8) (Hyp) 

reactive element (I,) - (SIN £0) (Hyp) 

Convert L to rectangular notation 
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20. The procedure for adding the branch cur'-ent vectors can be 
visualized from these diagrams. 



Step 1 



step 2 



step 3 



li 'ReffSo 



♦ 



R«ff So 




5a 



5a 




1 Convert Ij and 1^ from polar notation to rectangular 
no t d t I on 

2 Add !^ and 1^ to determine the total current expressed 
in rectangular notation 

3 Convert 1^ from rectangular notation to polar notation 

Solve the example problem for total current and express in 
po 1 a r not a t i on I = 



(8 6 a />35>5 ^ 

IF YOU DID NOT GET THE CORRECT ANSWER, GO TO FRAME 21. IF 
YOU WERE CORRECT, GO TO FRAME 29. 



From the diagrann,^ branch current ^ '|> 's in phase with the 
common voltage and possesses a zero phase angle. The polar 
re pre s ent a t 1 on 1^ = 2 a / 6^ , can be directly written in 
re c t angu 1 a r f o rm ' ] ^ 



(2 a +1oy 
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22 Converting 1^ to rectangular notation is slightly more com- 
plicated and can oest be visualized by looking at the drawing 
showing one component in the s tanda rd direction and one com- 



ponent in the 


direction. 


•j 1 




1 {standtard} 








■j i ^« 


t, = 7 1 a /-^5' 





23. We can calculate the component values of the inductive branch 

current (l^ - jt ) by applying the trigonometric functions to the 
vector diagram sKown in Frame 20. 

The resultant is represented by the current (7.1 a /-^5°), 
To find the resistive value (L), apply the cosine function 

c ■ '« 
Cos I ne = -j — 

2 

by rearranging the equation we get 
I ^ = Cos i ne I ^ 
Cosine /-^S"" = 0,707 
1^ = 7. 1 a 

Therefore, the resistive element of I = 



(COS /"kS^ X 7-1 a or 5 a> Note: We are not attempting to 
say that you vector current in a series circuit. We are 
simply converting a vector representing that current from 
polar notation to rectangular notation.) 



12? 



I 



I 



p. 1 
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2^. Similarly, the magnitude of L in the -j direction can be 
calculated from the trig relationship 



SIN /e = 



i nduc t i ve 



Then, the inductive element of I ^ 



(SIN /'kS"" X 7 i a cr - j5 a) 



25. Now we can write 1^ 'n the rectangular notation. 



'2 = 



(5 a ~ j5 aT 



26. The total current for the circuit in rectangular notation is 

I , = 2 a + jO 



the sum of I ^ and I ^ • 



= 5 a - j5 a 



(7 a - j5 a) 



27- Nov that we have a value for 1^ in rectangular notation, we 
can convert to polar form using trigonometric functions. 




The /O fan be calculated using the tangent. 

TAN A)_ = 

From the trig tables 

/O = 



S a 
7 a 
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28. The magnitude of can be found using the equation for the 
cosine of the phase angle" 



1^ 6 a /-35 5°) 



29. Reca ! 1 that any coi i conta i ns some resistance. A high -Q 

coi 1 contains resistance or R than a )ow-Q 
eft 

CO I 1 . 

A rule of t humb to follow is that if theQof a coil is 
greatei* than 10, the effective resistance * s negligible 
and can be considered 



~( lowe7 , zero) 



30. To prove the statement made m Frame 29- We wiH wc^k a 

problem first with a low Q co'l, then in the following frame 
replace a with a high-Q cc*l and rework the circuit. 




KX>v 



R son 



yofi 



i4on 



5. 



So i ve for Q 



2 . Z of branch 2 
'2 (polar) _ 



( rec t angu I a r ) 



7 Z 



(1 



L 



R 



ill 
30 



.33 



eff 

Z2 = 30 + jifO = 50 >7 /-t-33 

^ 100 /o° V 



2 Z2 50 /+S3 



= 2 a /-53. 
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i.. 1^^ = (COS /-53. 1° ) (Ij = (SIN /-33.1° ) (2) 
(0.600M(2) (0.7997) (2) 

1 2 - J 1 6 



100 70° = 2 70° 
5- ' I " ZT " 50 /O" 

6. I , = 2 + jO 

1^ = 1.2 - jl.6 

1^ = 3.2 - jl.6 (REC) 

3 ,58 7-26.6° a (polar) 

E 100 70° V 



3). Replace the iow-Q coil with a high-Q. 

Solve for. 



iE^ K)OV 



R 

5on 



in* 



4on 5. 

6 



Q 

Z2 



I 2 ( po 1 a r ) = 



I 2 (Reel 



(1 . 



erf 



^40 

r 



10 



2. Z2 = + ji40 = 'to. 28 Q /-^Sk.}' 



E 



100 70° V 



3. I 



2 ~ Z2 " ^40.28 7+8i<.3' 



= 2.'48 a 7-8'4.3' 
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I = (COS /-Qk.y ){2.k8} = 0.236 

K 

I, = (SIN /-8^.3^) (2.^481 = 2.37 a 



a 



E 100 /O^ 



I , = 2 + jO 

1^ = ■2^(> - j2.k7 

1^ = 2 2i*6 - j2 k7 UeC] 

3.3't /-^l .r (Polar] 

E 100 /O^ 



32 By examining the results computed for branch 2 in frame 26, 

(you can see the 12 is very nearly equal to 

and /9 is quite close to , The effects of R are 

— — err 

negligible so the branch can be considered purely 



(X, , 90° , i nducti ve) 



YOU KAY NOW TAKE THE PROGRESS CHECK, OR YOU MAY STUDY ANY OF THE 
OTHER RESOURCES LISTED. IF YOU TAKE THE PROGRESS CHECK AND ANSWER 
ALL THE QUESTIONS CORRECTLY, GO TO THE NEXT LESSON. IF NOT. 
STUDY ANY MEHTOO OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL 
THE QUESTIONS CORRECTLY. 
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SUMMARY 



LESSON V 



Effect! ve Res * stance in RL Parallel Circuits 



In Module Thirteen you were introduced to effective resistance 
and its effect on the operation of a coil. The K of the co i ) 
acts as a resistance In series with a pure inductance and reduces the 
inductive phase angle from the idea) 30° to something less than this, 



depending on the value of R 



f f 



If 
R 



ef f 



the rat i o of 
on circuit 



X, to R (Q) 
L , e f f r* 
act I on must be 



in re spec t to . 

is less than 10, the effect of 

taken into consideration. For examp 1 e 




the e f f ect i ve re- 
co 1 1 is represented 



In this circuit 
sistance of the 
as a resistor in series with the 
coil. The effect of this series 
resistance increases the impedance 
of the inductive branch and reduces 
the phase angle from the ideal 90°. 



6on 



ERLC 



The impedance of the resistive branch is equal to the value of the 
resistor (2, = lOOQ). The impedance of the inductive branch is 
= 10 j60 or 61Q /80.6" . 

The branch currents can now be computed by Ohm's Law 

l^Ov . , IQQv - 1 Ali . / An A« 



Befor e the branch currents can oe added, they must be converted from 
polar form to rectangular torm . 

Branch one current = 1 /0° = 1 j 0 

Branch two current = 1 .6^^ /-8O.6' = 0, 268 - . 61 

Total cur rent = 1 . jO 

0.268 - jl .61 
1 .268 - jl .61 
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Total circuit current and circuit phase angle can now be found by 
converting the rectangular representation for !^ to polar form 

't = 2 15a /-$1 .8^ 

Recall that Q is determined by the ratio of reactance to resistance 

X. 

within the coil, Q = ~. A coil with a low to R ratio has a 

low Q and therefore cannot be regarded as a pure inSuctance. 

As long as the Q of a coi I remains 10 or above, the effective re- 
sistance IS considered negligible and the shift in /O in the 
inductive branch need not be considered. If the Q of the coil is 
below 10, however, the effect of its resistance on the circuit is 
significant and must be considered. 



AT THIS POINT, YOU HAY TAKc THE LESSON PROGRESS CHECK. OR YOU KAY 
STUDY THE LESSON NARRATIVE OR THE PROGRAMMED INSTRUCTION OR BOTH, 
IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL OF THE QUESTIONS 
CORRECTLY, GO TO THE NEXT LESSON IF NOT, STUDY ANOTHER METHOD OF 
INSTRUCTION UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY, 
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OVERVIEW 
LESSON Vt 
Parallel Resonance Experiments 

In this lesson you will conduct some experiments with a parallel 
RCL circuit operating at a range of frequencies including the 
re sonant f requency 

You will requ i re 

•NEAT Board 8 

-Audio Signal Generator 

-Hu 1 t i me te r 

You will perform the following experiments 

-de te rm I n i ng f by I , , ..^ 
^ o LINE 

-determininq f by 1. and I, 
^ O C L 

-effects of changing Q 

-effect of f of varying C 



BEFORE YOU START THIS LESSON, PREViEW THE LIST OF STUDY RESOURCES 
ON THE NEXT PAGE. 
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LIST OF STUDY RESOURCES 
LESSON VI 
ParaHel Resonance experiments 

Since this lesson consists of exper imentb , there is only the narrative 
There are no other study resources and no progress checks. 



TURN THE PAGE AND BEGIN THE NARRATIVE. 
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NARRATI V£ 

LESSON VI 

Para lie) Resonance Experiments 

For this set of experiments /ou need NEAT Board 8, a signal 
generator, and your multimentcr. 

Observe that the NEAT Board has three parallel branches. We will use 
only the capacitive and inductive branches for our experiments. Also 
observe that in the inductive branch, by changing S-803, we have an 
option of adding one of three different valued resistors or of not 
having any resistance in scries wijth the inductive leg. 

The basic circuit for the experiments looks like this 




Notice that ammeter connections are indicated for l|^jj^c» ^nd 
I , Your meter leads will be connected in the common test points 
T 806 and T 807 on the HEAT board, and the setting on S-802 will 
determine wh?ch current measurement is being taken. For example, 
if S-802 ts in the H-(meter) 8O) position, you will be reading 
line current as indicated by the meter face H-8OK 

Now perform the eAperiments. 



Step 1 


Setting up NEAT Board 


1 , 


Set S-801 to 


the ON pos i t ion , 


2 . 


Set S-806 tc 


pos i t i on A, 


3. 


Set S-802 to 


H-80 1 pos i t i on 


k 


Set S-803 to 


pos i t ion A, 


5. 


Set S-8OA to 


the OFF pos i t ion 
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Step 2. Sett'ng Up Audio Signal Gene rator 

I. Put bard selector in position C 

2 Select sine wave position 

3. Turn frequency control all the way counterclockwise. 

^. Turn amplitude control all the way clockwise.^ 

5 Plug in signal generator and turn on power switch. (The 
red power - ava i 1 ab 1 e light should glow.) Allow a few 
mi nutes for warm-up. 

6. Connect test leads to output jacks (black to bottom 
terminal) . 

7. Insert other end of test leads to NEAT board terminals 

T -802 and T -803 (black to T -803). 
P P p ' 

Step 3. Setting Up Si mpson 260 

1. Set up Simpson to read OC current on 10 ina scale. 

2. Insert test leads from Simpson to terminals T -8O6 and 

T -807 (black to T -806) . ^ 
P P 



Experiment 1 - Oetermininq f by I 

o LINE 



Step I. Slowly raise the frequency control of the signal generator 
and observe tne current: reading on the meter. 

Step 2 By manipulating the frequency control , tune the signal 

generator to the frequency where line current is 

minimum and keep it there. This is f . 

o 

What does the range dial indicate resonant frequency to 
be ? 

If frequency is varied above or below f , does t ^ in- 

j o o LINE 

crease or decrease? 



ERIC 



Notice f^ IS approx imately k . 2 KHz. I, increases when applied 

frequency varies either above or below^'r , 

0 
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Experinoent 2 - Determinino f by I and 

0 C 



Step 1 Switch S-802 to M-802 position. You wMI now be reading 

Record reading 

Step 2 Switch S-802 to M-803 position. You will now be reading 

Record reading 



What condition exists when I equals 



What other circuit quantities must be equal in 
order for I to equa i 1^,? 



1^ = approximately 3 ^7 nia 
= approximately 3 ^7 fT^a 
When 1^ and are equal, resonance exists. 
In an ideal tank, if 1^ equals 1^, then equals X 

£xpe r I me n t 3 " Chang inq Q 



Step 1 Put S-802 back to the M-801 position. Yqu are 

reading I again Tune signal jeneratcr again to 

L I N c , , , 

ensu re y ou a re s t 1 1 1 at f . 

0 

Step 2 While switching S-803 from position A to position B, 
C, and D lo add different values of resistance,, note 
the meter reading at each position. 

Has I, increased or decreased? 

L I N t ■ — 



In what pos ition is resistance greatest? 
In what position is Q ^owest? 



In what position is 1, ...^ greatest? 

L I N L 



uo 



Narrative Pourteen-VI 
V,NE i-ncreased 

Resistance is greatest in position 0. 

Q IS lowest in position 0. 

'line greatest in position 0, 



Step 3 Place S-80j back to position A. 



Experiment k - Changing f by Varying Capacitance 



Step ) Place S-806 in position 8. 

Step 2. This places variable capacitor C-801 in the circuit. 
Turn C-80) fully coun t e r c 1 o ckvv i se , 

Step 3 Adjust signal generator until L,.,r 'S minsmum 

Wha t IS new f ? 

o 

Step ^ Aojust C-80i to center or midrange position. 

Step b Adjust signal generator until *.,.,r is minimum 

r 0 L i Nt 

Wha t I S new r ? 

O 

Step 6, Adjust C-801 fully clockwise. 

Step ? Adjust Signal generator for minimufr^ line current. 
Step 8 Reco^'d new f 



13. S KHz, i8 KHz, 2S KH2 



NOTE When adjustinq for m'ni^num I . , down scale multimeter 

. ^ . LINE 



as you approach 0 I , , 
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When you decreased capacitance did you cause to 
increase or decrease? 

When X changed, did 1^ increase or decrease? 



Why did you have to raise frequency to reach a new 
f ? 



increased 
1 ^ decreased 

The decrease m capacitance caused the circuit to res ona t e a t a 
h I ghe r f requency 

TURN SIGNAL GENERATOR OFF UNPLUG ALL TEST LEADS. UNPLUG SIGNAL 
GENERATOR 

Return the NEAT board and signal generator to the materials center 



Study the resonant characteristic curve for a parallel circuit 
shown below How does it compare with your results? 
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